The Basicranial Anatomy of the Nimravidae (Mammalia: Carnivora): Character Analyses and Phylogenetic Inferences by Neff, Nancy Ann
City University of New York (CUNY) 
CUNY Academic Works 
All Dissertations, Theses, and Capstone 
Projects Dissertations, Theses, and Capstone Projects 
1983 
The Basicranial Anatomy of the Nimravidae (Mammalia: 
Carnivora): Character Analyses and Phylogenetic Inferences 
Nancy Ann Neff 
The Graduate Center, City University of New York 
How does access to this work benefit you? Let us know! 
More information about this work at: https://academicworks.cuny.edu/gc_etds/3662 
Discover additional works at: https://academicworks.cuny.edu 
This work is made publicly available by the City University of New York (CUNY). 
Contact: AcademicWorks@cuny.edu 
INFORMATION TO USERS
While the most advanced technology has been used to 
photograph and reproduce this manuscript, the quality of 
the reproduction is heavily dependent upon the quality of 
the material submitted. For example:
•  Manuscript pages may have indistinct print. In such 
cases, the best available copy has been filmed.
•  M anuscripts may not always be complete. In such 
cases, a note w ill indicate that it is not possible to 
obtain m issing pages.
•  Copyrighted material may have been removed from 
the manuscript. In such cases, a note w ill indicate the 
deletion.
Oversize materials (e.g., maps, drawings, and charts) are 
photographed by sectioning the original, beginning at the 
upper left-hand comer and continuing from left to right in 
equal sections with small overlaps. Each oversize page is 
also film ed as one exposure and is  availab le, for an 
additional charge, as a standard 35mm slide or as a 17”x 23” 
black and white photographic print.
Most photographs reproduce acceptably on p ositive  
microfilm or microfiche but lack the clarity on xerographic 
copies made from the microfilm. For an additional charge, 
35mm slides of 6”x 9” black and white photographic prints 
are available for any photographs or illustrations that 
cannot be reproduced satisfactorily by xerography.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
8708267
Neff, Nancy Ann
THE BASICRANIAL ANATOMY OF THE NIMRAVIDAE (MAMMALIA: 
CARNIVORA): CHARACTER ANALYSES AND PHYLOGENETIC INFERENCES
City University of New  York Ph.D. 1983
University
Microfilms
International 300 N. Zeeb Road, Ann Arbor, Ml 48106
Copyright 1983 
by
Neff, Nancy Ann 
All Rights Reserved
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
PLEASE NOTE:
In all cases this material has been filmed in the best possible way from the available copy. 
Problems encountered with this document have been identified here with a  check mark •/ .
1. Glossy photographs or p a g es_____
2. Colored illustrations, paper or print_______
3. Photographs with dark background > /
4. Illustrations are poor copy_______
5. Pages with black marks, not original copy______
6. Print shows through as there is text on both sides of p a g e_______
7. Indistinct, broken or small print on several pages
8. Print exceeds margin requirements______
9. Tightly bound copy with print lost in sp ine_______
10. Computer printout pages with indistinct print_______
11. Page(s)____________lacking when material received, and not available from school or
author.
12. Page(s)____________seem to be missing in numbering only as text follows.
13. Two pages numbered . Text follows.
14. Curling and wrinkled p ages______





Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
THE BASICRANIAL ANATOMY 
CF THE
NIMRAVIDAE (MAMMALIA: CARNIVORA): 
CHARACTER ANALYSES AND PHYLOGENETIC INFERENCES
by
NANCY A. NEFF
A d i s s e r t a t i o n  su b m itte d  to  the  G raduate  
F a c u lty  in  B io logy  in  p a r t i a l  f u l f i l l m e n t  o f  
th e  re q u ire m e n ts  f o r  th e  d eg ree  of D octor o f  
P h ilo so p h y , The C ity  U n iv e rs i ty  of New York.
1983
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
COPYRIGHT BY 
NANCY ANN NEFF 
1963
a l l  r i g h t s  r e s e r v e d .
i i
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
This manuscript has been read and accepted for  the Graduate Faculty in  
B iology in  s a t is fa c t io n  o f  the d isserta tion ;req u irem en t for  the degree 




C hai^an o f Examining Committee
D r. R ich a rd  H. T e d fo r d ,
Ame^iusui Museum o f  N a tu r a l  H is to
:ecutive O ffice  
Jam es A. Organ
T̂!° k e 3 l i§ )  ^ • ^Ar c u s , /  Q ueens C o l le g e
Dr .  Ma\icolm C. McKenna, C olum bia U n iv .
^ *̂)ames M e l l e t p , New York U n i v e r s i t y
^Drj  John H. T i / f t j e n ,  C ity  C o l le g e
Supervisory Committee
The C ity U n iversity  o f  New York







A b s tra c t
THE BASICRANIAL ANATOMY OF THE NIMRAVIDAE 
(MAMMALIA: CARNIVORA):
CHARACTER ANALYSES AND PHYLOGENETIC INFERENCES
by
Nancy A. N eff
A d v iso r :  Dr. R ichard H. T edford
American Museum o f  N a tu ra l  H is to ry
The p h y lo g e n e t ic  r e l a t i o n s h i p s  o f  th e  Nimravidae 
(O ligocene  th rough  l a t e s t  Miocene c a t l i k e  c a rn iv o ra n s )  a r e  
c o n t r o v e r s i a l :  th ey  have been p laced  e i t h e r  w ith in  the
fa m ily  F e l i d a e ,  o r  a s  s i s t e r  group to  th e  F e l id a e ,  t c  th e  
modern a e lu r o id  C a rn iv o ra ,  c r  t o  th e  C an ifo rm ia .  Adoption 
o f  c l a d i s t i c  a n a l y s i s  i s  n o t  s u f f i c i e n t  to  r e s o lv e  t h i s  
c o n t r o v e r s y :  a l l  of th e  l a s t  t h r e e  h y p o th eses  of
r e l a t i o n s h i p  have r e s u l t e d  from c l a d i s t i c  a n a ly s e s .
Competing h y p o th eses  o f  p h y lo g e n e t ic  r e l a t i o n s h i p  a r e  
h e re  dem onstra ted  to  be p r im a r i ly  th e  r e s u l t  of 
d isa g ree m e n t ab o u t  t h e  i d e n t i f i c a t i o n  and d i s t r i b u t i o n  of 
c h a r a c t e r s .  Such d isa g ree m e n ts  r e f l e c t  th e  need f o r  a 
r i g o r o u s  method o f  c h a r a c t e r  a n a l y s i s  to  e n ab le  e x p l i c i t  
t e s t i n g  o f  c h a r a c te r  i d e n t i f i c a t i o n s  and 
d i s t r i b u t i o n s —i . e .  hom ologies— p r i o r  to  a c l a d i s t i c
iv
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a n a l y s i s .  (In c l a d i s t i c  a n a l y s i s ,  c h a r a c t e r s  can be 
t e s t e d  o n ly  weakly, by in c lu s io n  in  a c ladogram ; 
r e f u t a t i o n  p roduces on ly  ad hoc h y p o th e se s ,  d i f f i c u l t  t o  
t e s t ) .  I  p re s e n t  a method o f  c h a r a c t e r  a n a l y s i s  t h a t  
e n a b le s  s t r o n g e r  t e s t s  o f  h yp o th eses  o f  homology by us in g  
t o p o lo g i c a l  and developm enta l r e l a t i o n s h i p s ,  p r i o r  to  
s im p le  c l a d i s t i c  a n a l y s i s ,  and by u s in g  a parsimony 
c r i t e r i o n  t o  choose among competing h y p o th eses  o f 
c h a r a c t e r  i d e n t i f i c a t i o n s  and d i s t r i b u t i o n s .  R e s u l t s  a r e  
compared with examples o f  p e r s i s t e n t  e r r o r s  a r i s i n g  from 
t h e  u n c r i t i c a l ,  b l in d  use  o f  hom ological m orphotypes 
(p roducing  ung u es tio n ed  i d e n t i f i c a t i o n s ,  never 
su b s e q u e n t ly  t e s t e d )  and a n c e s t r a l  morphotypes (producing 
u n te s te d  p o l a r i t i e s ) . S e v e ra l  problem s and in ad e q u ac ie s  
o f  c l a d i s t i c  a n a l y s i s  a s  p r e s e n t l y  fo rm u la te d  a re  
d e s c r ib e d ,  most im p o r ta n t  o f  which i s  th e  m ethod 's  
i n a b i l i t y  t o  d i s t i n g u i s h  between a t r u e  o r  c o r r e c t  
m ultichotom y and an "u n re so lv e d  m ulticho tom y".
D e ta i le d  a n a l y s i s  o f  th e  b a s i c r a n i a l  anatomy o f  th e  
Nim ravidae d em o n s tra te s  th e  v a lu e  of th e  method of 
c h a r a c t e r  a n a l y s i s  fo rm u la te d  h e r e .  These odd c a rn iv o ra n s  
a r e  shown t o  have lac k ed  any m edial b ranch  o f  t h e  i n t e r n a l  
c a r o t i d  a r t e r y  o r  a f u l l y  o s s i f i e d  b u l l a ,  and t o  have 
possessed  in s t e a d  a l a t e r a l  b ranch  of th e  i n t e r n a l  c a r o t id  
(a "promontory a r t e r y ”) , a p e c u l i a r ,  t h i c k ,  p a r t i a l l y  
o s s i f i e d  e n to ty m p a n ic , and a s e p a r a te  p o s t e r io r
v
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p e t r o b a s i l a r  fo ram en. Many a e l u r c i d  synapom orphies 
ex c lu d e  th e  N im ravidae from t h a t  g ro u p , no synapom orphies 
p la c e  them as s i s t e r  group to  th e  a e l u r o i d s ,  ev id e n ce  f o r  
any can ifo rm  r e l a t i o n s h i p  i s  s p a r s e  and c o n t r a d i c t o r y ,  
w h ile  o v e r a l l  parsimony p la c e s  th e  Nim ravidae a s  s i s t e r  
group to  th e  r e s t  of t h e  C a rn iv o ra .
v i
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A trem endous d i v e r s i t y  o f  c a t l i k e  c a rn iv o ra n s  i s  
dem ons tra ted  by f o s s i l s  p r im a r i ly  from North America and 
E urope, ra n g in g  in  age  from 38 m i l l i o n .y e a r s  t o  t h e  Recent 
(F ig u re  1 ) •  Two m ajor q u e s t io n s  may be asked  abou t the  
ta x a  c o n s t i t u t i n g  t h i s  d i v e r s i t y :  f i r s t ,  i s  t h i s
assem blage  one m onophyle tic  g roup? And i f  n e t ,  what a r e  
t h e  r e l a t i o n s h i p s  of th e  s e p a r a t e  m onophyle tic  groups 
w i th in  t h i s  assem blage  w ith  o t h e r  c a rn iv o ra n  tax a ?
Taxonomic H is to ry
The f i r s t  view o f  t h i s  d i v e r s i t y ,  p r i o r  t o  188 0 , and 
one h e ld  by some s y s t e m a t i s t s  up to  t h e  p r e s e n t  d a y ,  was 
t h a t  a l l  th e s e  forms were c lo s e l y  r e l a t e d  to  each o th e r  
and were a l l  p ro p e r ly  a ss ig n e d  t o  th e  fam ily  F e l id a e  
( e . g . ,  Pomel, 1853; L e id y ,  1869, 1871). Hypotheses of 
r e l a t i o n s h i p s  im plied  by th e  taxonom ic a ss ig n m en ts  w ith in  
t h i s  f a m ily  v a r ie d  w id e ly .  However, p h y lo g e n e tic  
r e l a t i o n s h i p s  were n o t  e x p l i c i t l y  s t a t e d ,  because  i t  was 
n o t  y e t  u s u a l  f o r  s p e c i f i c  q u e s t io n s  o f  p h y lo g e n e t ic  
r e l a t i o n s h i p  t o  be d i r e c t l y  posed in  s y s te m a t i c s .
E . D. Cope’s  (1880a) paper ” Gn th e  E x t in c t  C a ts  o f 
America” e re c te d  a c l a s s i f i c a t i o n  s u r p r i s i n g l y  s i m i l a r  t o  
some modern i d e a s  f o r  th e  group b u t  h y p o th es iz ed  a 
phylogeny q u i t e  d i f f e r e n t  from t h e  one im p lied  by h i s
\
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c l a s s i f i c a t i o n  (when i n t e r p r e t e d  in  modern term s) .  F ig u re  
2 summarizes b o th  c l a s s i f i c a t i o n  and phy logeny . C op e 's  
a ss ig n m en t o f  P r o a i lu r u s  and P se u d a e lu ru s  t o  h i s  new 
fa m ily  N im ravidae was t e n t a t i v e  because  he had no 
b a s i c r a n i a l  m a te r i a l  f o r  e i t h e r  genus and cou ld  n o t  
t h e r e f o r e  d e te rm in e  t h e i r  c o n d i t io n  f o r  th e  e x c lu s iv e ly  
b a s i c r a n i a l  d i a g n o s t i c  c h a r a c t e r s  t h a t  he used to  d e f in e  
th e  f a m i l i e s .  The p hy lo g en y , based  on h i s  s ta te m e n ts  in  
th e  t e x t ,  c o r r e c t l y  r e l a t e s  t h e s e  two genera  to  th e  modern 
F e l id a e  (see  Cope 1880a: 8 3 9 ) ,  b u t  d e r iv e s  t h e  two 
s a b e r to o th e d  f e l i d s  from th e  n im rav id  s a b e r to o th s .  Thus 
h i s  c l a s s i f i c a t i o n  i s  e s s e n t i a l l y  a g r a d i s t i c  one r e l a t i v e  
t o  h i s  phy logeny , a l th o u g h  n e a r ly  a p h y lo g e n e t ic  one 
r e l a t i v e  to  t h e  phylogeny pu t f o r t h  i n  th e  p r e s e n t  s tu d y .  
T h is  c l o s e  co rre sp o n d en ce  o f  C op e 's  c l a s s i f i c a t i o n  with 
modern id e a s  makes h i s  fa m ily  N im ravidae a c o n v e n ie n t  
d e s ig n a t io n  f o r  use  to d a y .
Cope (1880a) i n i t i a l l y  p roposed  t h a t  th e  Oxyaenidae 
(Creodonta) were a n c e s t r a l  to  t h e  N im ravidae and F e l i d a e ,  
s u g g e s t in g  s p e c i f i c a l l y  (Cope, 1880b:5) t h a t  Oxvaena gave 
r i s e  t o  th e  F e l id a e ,  whereas th e  Canidae were th o u g h t  t o  
have descended from th e  M iac id ae . L a t e r ,  however, he 
re c o g n iz e d  t h a t  th e  a p p a re n t  resem b lan ce  between t h e  
c a r n a s s i a l  t e e t h  o f  o x y aen id s  and f e l i d s  was p ro b ab ly  
m is le a d in g ,  because  th ey  were n o t  homologous t e e t h  (Cope 
1884: 4 8 2 ) .  He concluded  t h a t  t h e  M iacidae ( s t i l l  p laced
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by him i n  th e  o rd e r  Creodonta) were th e  c l o s e s t  t o  th e  
o r d e r  C a rn iv o ra ,  based on th e  homology o f  t h e  c a r n a s s i a l s .
S c o t t ' s  (1889) d i s c u s s io n  o f  th e  p h y lo g e n e tic  
r e l a t i o n s h i p s  of th e  Nim ravidae was th e  nex t  im p o rtan t  
a n a l y s i s .  V. B. S c o t t  vo iced  agreem ent w ith  S c h lo sse r  
(1888) in  c o n s id e r in g  F lo w e r 's  (1869) arrangem ent o f  th e  
C a rn iv o ra  on t h e  b a s i s  o f  th e  b a s i c r a n i a l  f e a t u r e s  n o t t o  
be u s e f u l  f o r  th e  f o s s i l  t a x a ;  t h e s e  two w orkers found 
t h a t  t h e  b a s i c r a n i a l  f e a t u r e s  were d i s t r i b u t e d  in  a 
c o n fu s in g  way among th e  f o s s i l s .  P a r t  o f  th e  confus ion  
d o u b t le s s  a ro s e  from an i n i t i a l  f a i l u r e  t o  d i s t i n g u i s h  
between u s e f u l  f e a t u r e s  (d e r iv ed  c h a r a c te r  s t a t e s )  and 
c o n d i t i o n s  t h a t  were m erely  th e  p r im i t iv e  s t a t e  o f  a more 
w ide ly  d i s t r i b u t e d  c h a r a c t e r .  Much more of the  co n fu s io n  
can now be a t t r i b u t e d  to  m is ta k e s  in  an e a r l i e r  s t a g e  o f  
t h e  c h a r a c t e r  a n a l y s i s ,  in  th e  i d e n t i f i c a t i o n  o f  t h e  
a n a to m ic a l  f e a t u r e s  and in  b a s ic  hypothese  o f  homology.
And f i n a l l y  some d e g re e  of p r e ju d ic e  seems t c  have been 
p r e s e n t ,  i n  t h a t  th e  Nim ravidae were c o n s id e re d  p r i m i t i v e  
c a t s  from th e  f i r s t ,  and c h a r a c t e r s  i n  c o n f l i c t  w i th  t h a t  
a ss ig n m en t were shown th e re b y  t o  be m is le a d in g :
"These p r im i t iv e  c a t s  seem t o  show c o n c lu s iv e ly  
t h a t  t h e  c o n s t r u c t io n  of th e  base  o f  t h e  cranium  
has n o t  t h e  taxonom ic v a lu e  a t t r i b u t e d  to  i t  by 
F low er (1869) ^n o p in io n  which S c h lo s s e r  (1888:
233) has reached on q u i t e  d i f f e r e n t  g rounds.
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The b a s i s  c r a n i i  of D i n i c t i s  i s  pe rhaps  on th e  
whole more cynoid  th an  a n y th in g  e l s e ,  though 
a i l u r o i d  and even a r c t o i d  f e a t u r e s  
o c c u r . ” ( S c o t t ,  1889: 216)
S c o t t  d id  make a c l e a r  a t te m p t  t o  d i s t i n g u i s h  between 
p r i m i t iv e  c o n d i t io n s  and synapom orphies in  h i s  
p o s t-D arw in ian  a n a l y s i s ,  and d id  in c lu d e  some b a s i c r a n i a l  
c h a r a c t e r s  in  h i s  d i s c u s s io n .  However, he o b v io u s ly  
em phasized d e n ta l  and c r a n i a l  f e a t u r e s ,  and concluded w ith  
e s s e n t i a l l y  a p h e n e t ic  a n a l y s i s :  Nimravidae have many
p r i m i t i v e  f e a t u r e s ,  and s h a re  some f e a t u r e s  with 
V iv e r r id a e  and some w ith  F e l i d a e ,  t h e r e f o r e  the  l a t t e r  two 
f a m i l i e s  must be r e l a t e d  t o  each  o th e r  i f  n im rav id s  a re  
c lo s e l y  r e l a t e d  to  f e l i d s ,  "which no one has ever  c a l l e d  
in  q u e s t io n ” (S c o t t  1889: 2U0)• F ig u re  3 rep ro d u c es  h i s  
phy logeny , which d e r iv e s  t h e  C a rn iv o ra  m o n o p h y le t ic a l ly  
from th e  M iacidae w ith o u t  comment i n  t h e  t e x t .
Wortman (1892) s t a t e d  t h a t  th e  Nim ravidae were 
a n c e s t r a l  t o  th e  F e l id a e ,  bu t p u t  f o r t h  no d e t a i l s  o f  th e  
r e l a t i o n s h i p s  between in d iv id u a l  genera  w i th in  th e  two 
f a m i l i e s .  He a l s o  argued on t h e  b a s i s  o f  d e n ta l  f e a t u r e s  
t h a t  t h e  a n c e s t ry  of t h i s  l in e a g e  might be fcund i n  the  
p a l e o n ic t i d  c r e o a o n t s ,  such a s  P a l e o n i c t i s  and l a t e r  
P a t r i o f e l i s .
G. I .  Adams (1896) p re s e n te d  a phylogeny w ith  more 
d e t a i l  b u t  n e a r ly  th e  same r e l a t i o n s h i p s  a s  were in  C ope 's
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(1860a) phy logeny . Adams* d i f f e r e d  m ainly in  c o n s id e r in g  
D i n i c t i s  and Nimravus w i th in  t h e  s a b e r to o th  croup t o  be 
each  s e p a r a t e l y  d e r iv e d  l i n e s  r a t h e r  th an  d i r e c t l y  
a n c e s t r a l  t o  Hoplophoneus and d e s c e n d a n ts .  However, he no 
lo n g e r  re c o g n iz e d  a ta x o n  N im rav idae , i n s t e a d  fo l lo w in g  in  
p a r t  Z i t t e l * s  (1893) c l a s s i f i c a t i o n :  two l i n e a g e s ,  the
F e l in a e  (cu lm in a tin g  in  t h e  e x t a n t  c a t s )  and th e  
M achaerodontinae (com pris ing  th e  C ligocene  ta x a  and a l l  
t h e  sa b e r to o th e d  form s) were d e r iv e d ,  p e rhaps  
in d e p e n d e n t ly ,  from u n s p e c i f i e d  c re o d o n t s .  Adams based 
t h i s  phylogeny p r im a r i ly  on t h e  c h a r a c t e r s  o f  th e  
d e n t i t i o n  (p. 436), and argued  t h a t  t h e  b a s i c r a n i a l  
f e a t u r e s  show p a r a l l e l i s m  between Smilodon and F e l i s  (p.
44 3 ) .
The abandonment o f th e  f a m ily  N im rav idae , begun by 
Z i t t e l  (1893) and Adams (1896) , was c o n tin u e d  in  t h e  North 
American l i t e r a t u r e  u n t i l  o n ly  r e c e n t l y ,  l a r g e l y  because  
o f  th e  s t r o n g  i n f lu e n c e  of W. D. Matthew*s (1910) 
phylogeny o f  th e  F e l id a e .  T h is  phylogeny and 
c o rre sp o n d in g  c l a s s i f i c a t i o n  a r e  summarized in  F ig u re  4 .  
Matthew d e r iv e d  th e  modern f e l i d s  from th e  
n o n -sa b e r to o th e d  O ligocene  t a x a ,  D i n i c t i s  and Nimravus. 
p l a c in g  th e s e  genera in  th e  F e l in a e  and th u s  f u r t h e r i n g  
Adams* s e p a r a t io n  of them from th e  s a b e r to o th  l i n e a g e ,  th e  
M achaerodontinae . The p u t a t i v e  common a n c e s to r  o f  th e  two 
f a m i l i e s  was an u n d isco v ered  m ia c id .
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Matthew’s  e x te n s iv e  d i s c u s s io n  em phasized d e n ta l  
f e a t u r e s *  He q u i t e  r i g h t l y  reco g n ized  t h a t  Cope had based  
h i s  fam ily  Nim ravidae e x c lu s iv e ly  on p r i m i t i v e  f e a t u r e s  o f  
t h e  b a s ic ra n iu m . However, Matthew c o n s id e re d  b a s i c r a n i a l  
anatomy only, b r i e f l y  and n o t  in  d e t a i l ,  s t a t i n g  t h a t  
Smilodon was p ro fo u n d ly  d i f f e r e n t  from Fe l i s  and d e r iv e d  
i n s t e a d  "from th e  p r i m i t iv e  ’Nimravid* ty p e ,  p a r a l l e l i n g  
t h e  t r u e  F e l in e s  in  a few f e a t u r e s ,  w holly  d i s t i n c t  o r  
d iv e r g e n t  in  o t h e r . "  (Matthew, 1910: 2 9 8 ) .  These f e a t u r e s  
were n o t  d e s c r ib e d .
One o f  th e  few t c  d i f f e r  w ith  Matthew was W. B.
S c o t t ,  whose 1889 d i s c u s s io n  has  a l r e a d y  been mentioned 
ab o v e . He proposed a n o th e r  c l a s s i f i c a t i o n  in  S c o t t  and 
Jepsen  (1941) b u t  t h i s  t im e  d id  n e t  d e s c r ib e  h i s  phylogeny 
a t  a l l  c l e a r l y .  He now re c o g n iz e d  th r e e  s u b f a m i l i e s  
w ith in , t h e  fam ily  F e l id a e :  th e  F e l in a e  in c lu d e d  a l l  th e
Recent f e l i d s  and were r e p r e s e n te d  by f o s s i l s  only  as  o ld  
a s  th e  P l io c e n e  in  North America and th e  m iddle  and l a t e  
Miocene i n  E urope. H is M acha irodcn tin ae  com prised th e  
s a b e r to o th e d  ’ c a t s ’ , in c lu d in g  D i n i c t i s . Hoplophoneus 
(" Dresanodon" ) . E usm ilu s . and Sm ilodon. Cope’s  " f a l s e  
s a b e r t o o t h s ” were re c o g n iz e d  a s  t h e  N im ravinae—Nimravus 
and q u e s t io n a b ly  P seu d a e lu ru s  and P r o a i l u r u s —and were 
c h a r a c t e r i z e d  as  be in g  in te r m e d ia te  between th e  o t h e r  two 
s u b f a m i l i e s .
I t  was Matthew’s  phy logeny , p a r t l y  i n t e r p r e t e d
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g r a d i s t i c a l l y , t h a t  became th e  b a s i s  f o r  S im pson 's  (19U5) 
w ide ly  used c l a s s i f i c a t i o n .  The modern F e l id a e  were 
r e t a in e d  by Simpson i n  t h e  su b fa m ily  F e l i n a e ,  w hile  the  
r e s t  o f  M atthew 's F e l in a e  were p laced  in  an expanded 
N im ravinae and th e  M achaerodontinae  rem ained  i n t a c t .  
S im pson 's  p u b l ic a t io n  d id  n e t  in c lu d e  a d i s c u s s io n  o f  
d i a g n o s t i c  c h a r a c t e r s  f o r  t h e s e  g ro u p s .
M atthew 's phylogeny and S im pson 's  c l a s s i f i c a t i o n  have 
been th e  s t a t u s quo f o r  t h e  c a t s  in  North  American 
p a le o n to lo g y  u n t i l  v e ry  r e c e n t l y ,  w ith  p e rh a p s  only  a 
s i n g l e  e x c e p t io n .  T h is  was Jean  Hough's (1953) a n a l y s i s  
o f  th e  a u d i to r y  r e g io n  o f  th e  c a t l i k e  c a r n iv c r a n s  and 
c l a s s i f i c a t i o n  o f  t h e  C a rn iv o ra  (Table 1 )•  Although in  
one c a se  a rank  was chan ged , S im pson 's  M achaerodon tinae , 
N im ravinae , and F e l in a e  rem ained i n t a c t  in  Hough's 
c l a s s i f i c a t i o n .  The two r a d i c a l  changes proposed  by Hough 
were th e  s e p a r a t io n  o f  t h e  m achaerodonts from th e  f e l i d s ,  
and th e  a l ig nm en t of th e  f e l i d s  ( in c lu d in g  th e  Nimravinae) 
w ith  t h e  c a n id s  in s t e a d  of w ith th e  o th e r  a e l u r o i d s .
In  s p i t e  of th e  em phasis on th e  b a s ic ra n iu m  in  
Hough's a n a l y s i s  and d i s c u s s io n ,  f i v e  o f  t h e  seven 
c a t e g o r i e s  o f  d i a g n o s t i c  c h a r a c t e r s  l i s t e d  f o r  th e  
m achaerodonts a re  d e n ta l  f e a t u r e s .  The s i x t h  in c lu d e s  
o n ly  acknowledged p r i m i t i v e  f e a t u r e s  o f  th e  s k u l l ,  and th e  
s e v e n th  com prises  t h e  l a t e r a l  com pression  o f  th e  a u d i to r y  
r e g io n  and th e  la c k  o f  a t r u e  septum b u l l a e .  Her
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su p e rfa m ily  C yn o fe lo id ea  was diagnosed  l a r g e l y  e i t h e r  by 
a d m i t te d ly  p r im i t iv e  c h a r a c t e r  s t a t e s  o r  by i n c o r r e c t  
hom ologies: th e  cano id  a u d i to r y  morphology t h a t  sh e  found
in  th e  p r im i t iv e  f e l i d s  ( the  Nimravinae) c o n s i s t s  o f  
c h a r a c t e r  s t a t e s  t h a t  a r e  p r im i t iv e  f o r  t h e  C a rn iv o ra ,  o r ,  
a more s e r io u s  p rob lem , m i s i n t e r p r e t a t i o n s  o f  th e  
n im rav ine  anatomy. F u r th e rm o re ,  t h i s  cano id  morphology o f  
t h e  a u d i to r y  r e g io n  i s  n o t  found in  th e  f e l i n e s ,  which a re  
supposed ly  d e r iv e d  from th e  n im ra v in e s .  M atthew 's 
phylogeny f o r  each o f  t h e  two l in e a g e s  was a p p a r e n t ly  
s t i l l  accep ted  i n  i t s  e n t i r e t y .
French s y s t e m a t i s t s  th ro u g h o u t  t h i s  c e n tu r y ,  i n  
c o n t r a s t  to  th o s e  in  North America, c o n t in u e d  t o  a cc ep t  
both  th e  v a l i d i t y  of th e  a s s o c i a t i o n  made by Cope o f  th e  
s a b e r to o th e d  f e l i d s  (sensu s t r i c t o ,  e . g .  Smilodon) with 
t h e  o th e r  t r u e  f e l i d s ,  and th e  d i s t i n c t i v e n e s s  of t h e  
n im ra v id s .  P iv e te a u ,  in  h i s  1931 monograph cn th e  c a ts  
from th e  P h o sp h o r i te s  o f  Quercy, reco g n ized  C ope 's  fa m ily ,  
t h e  N im ravidae , r e i t e r a t i n g  t h e  b a s i c r a n i a l  f e a t u r e s  c i t e d  
by Cope t o  d e f in e  th e  N im ravidae and F e l i d a e .  He a l s o  
e la b o r a te d  on C ope 's  id e a  of a p a r a l l e l  p a t t e r n  i n  the  two 
f a m i l i e s ,  n o t in g  w i th in  each fam ily  a form w ith  s m a l l  
c a n in e s  (Nimravus and F e l i s ) and a l in e a g e  d e v e lo p in g  
l a r g e  c a n in e s  (F igure  5 ) .  Ihe  n im ra v id s ,  a l th o u g h  thought 
t o  resem ble  t h e  a n c e s to r  o f  th e  f e l i d s ,  were c o n s id e re d  by 
P iv e te a u  no t t o  be d i r e c t l y  a n c e s t r a l  to  t h e  f e l i d s , but
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t o  have sh a re d  a common a n c e s to r  with them , and to g e th e r  
w ith  them to  be  most c lo s e ly  r e l a t e d  t o  th e  v i v e r r i d s .  
T e i lh a rd  de C hard in  (1945) fo llow ed P i v e t e a u ' s  a n a ly s i s  
b u t  a p p l ie d  t h e  in fo rm a l  names " p a l e o f e l i d s "  to  th e  
l a r g e ly  O ligocene  Nim ravidae and " n e o f e l id s "  t o  th e  
Neogene F e l id a e ,  em phasiz ing  t h a t  th e  l a t t e r  d id  n o t  
e v o lv e  from t h e  form er but r a t h e r  r e p la c e d  them in  th e  
Miocene f a u n a s •
L a t e r ,  F rench  s y s te r n a t i s t s  reduced th e  rank o f  th e  
N im ravidae to  a su b fam ily  bu t c o n tin u ed  to  r e c o g n iz e  th e  
two l in e a g e s  o f  ' c a t s *  ( e .g .  Ginsburg (1961), P iv e te a u  
(1961), B runet (1967), o r  Ginsburg (1 9 7 9 )) ,  as  did a lso  
t h e  German p h y l o g e n e t i c i s t , T henius (19 67 ) .  This 
r e d u c t io n  in  ran k  to  a su b fa m ily ,  N im rav inae , w i th in  th e  
fam ily  F e l id a e ,  em phasizes  th e  c o n t in u in g  c lo s e  
a s s o c i a t i o n  o f  th e  n im ra v id s  w ith  th e  f e l i d s  made by 
European s y s t e m a t i s t s , a l th o u g h  th e  p r e c i s e  p h y lo g e n e t ic  
r e l a t i o n s h i p s  be ing  h y p o th e s iz e d  f o r  t h e s e  two groups a re  
n ever e x p l i c i t l y  s t a t e d .  De Beaumont (1964) recogn ized  
f u r t h e r  a s e p a r a t e  su b fa m ily  f o r  th e  s a b e r to c th e d  and 
n o n -sa b e r to o th e d  forms in  each l i n e a g e ,  b u t  h i s  
p h y lo g en ie s  (F ig u re  6) d i f f e r  l i t t l e  i f  a t  a l l  from th o se  
im p lied  by h i s  c o l l e a g u e s .
The l a s t  f i v e  y e a r s  have seen  in  North America a 
r e e v a lu a t io n  o f  t h e  p h y lo g e n e t ic  r e l a t i o n s h i p s  among th e  
c a t l i k e  c a r n iv o r a n s .  Tedford  (1978) r e s u r r e c t e d  C ope 's
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fa m ily  N im rav idae , a s  c o n s t i t u t e d  in  F ig u re  1 .  He 
re c o g n iz e d  t h a t  th e  n im ra v id s  were n o t  c l o s e l y  r e l a t e d  
p h y lo g e n e t i c a l ly  t o  t r u e  c a t s  b u t  r a t h e r  were o f 
p ro b le m a t ic a l  r e l a t i o n s h i p  to  th e  o t h e r  f e l i f o r m s  
(= « 'ae lu ro id sH) . T edford  ( p e r s .  comm.) c o n s id e re d  them 
s i s t e r  group t o  th e  modern A e lu ro id e a — th e  f e l i d s ,  
v i v e r r i d s ,  h e r p e s t i d s ,  and h y a e n id s—a s  does Baskin (1981) 
( p o s i t io n  2 in  F ig u re  7 ) .  M artin  (1980) has a l s o  d e p a r te d  
from Matthew*s phylogeny to  a r e c o g n i t io n  o f  th e  
N im ravidae a s  c o n s t i t u t e d  by Tedford  (1978), a l th o u g h  
M artin  s t i l l  c o n s id e r s  them to  be most c l o s e l y  r e l a t e d  t o  
t h e  F e l id a e  ( p o s i t io n  1 in  F ig u re  7 ) .  His p h y lo g e n e t ic  
h y p o th e s is  i s  re -exam ined  below (p . 463) in  l i g h t  o f  th e  
r e s u l t s  o f  my a n a l y s i s  p re s e n te d  h e re .  F i n a l l y ,  Flynn and 
G a lian o  (1982) have p roposed  a c l c s e  r e l a t i o n s h i p  between 
th e  Nim ravidae and t h e  C aniform ia  (=Mc y n o id s M p lu s  
Ma r c t o i d s " )  ( p o s i t io n  3 in  F ig u re  7 ) ,  based on s e v e r a l  
d e n ta l  and p o s t c r a n i a  1 c h a r a c t e r s .
S t a tem ent o f  Problem
The p re s e n t  s tu d y  was undertaken  w ith th e  pu rpose  o f 
r e e v a l u a t i n g  th e  b a s i c r a n i a l  anatomy o f  th e  n im rav id s  in  
an a t te m p t  t o  choose on t h a t  b a s i s  among th e  t h r e e  
hy p o th eses  d e p ic te d  in  F ig u re  7 .  A b r i e f  re v ie w  su g g e s te d  
t h a t  e a r l i e r  c o n fu s io n  o v e r  what p h y le t i c  r e l a t i o n s h i p s  
were i n d ic a t e d  by f e a t u r e s  of th e  b a s ic ra n iu m  was caused
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by two f a c t o r s :  o n e ,  th e  f a i l u r e  by some s y s t e m a t i s t s  to
d i s t i n g u i s h  between p r im i t iv e  and d e r iv e d  c h a r a c t e r  
s t a t e s ,  and two, more o f t e n ,  a m is tak en  i n t e r p r e t a t i o n  o f  
t h e  anatomy i t s e l f .  The r e a l i z a t i o n  o f  t h e  l a t t e r  problem 
made c l e a r  th e  need f o r  a d e t a i l e d  s tu d y  o f  c a r e f u l l y  
p re p a re d  n im rav id  b a s i c r a n i a ,  em phasiz ing  t h e  
i n t e r p r e t a t i o n  o f  th e  anatomy in  l i g h t  o f  t h e  many 
a n a to m ic a l  s t u d i e s  o f  t h i s  re g io n  in  e x ta n t  a n im a ls , and 
a l s o  em phasiz ing  t h e  d e te rm in a t io n  o f th e  p o l a r i t y  o f  th e  
t r a n s f o r m a t io n  s e r i e s  o f  c h a r a c t e r  s t a t e s  based  on 
w idesp read  ou tg roup  com parison , and on o n to g e n e t ic  
in fo rm a t io n  when a v a i l a b l e .
The two q u e s t io n s  s p e c i f i c a l l y  a d d re s s e d  were:
1) Did any d i s t r i b u t i o n s  o f  b a s i c r a n i a l  c h a r a c t e r s  
su p p o r t  e i t h e r  th e  h y p o th e s is  o f  monophyly o f  th e  
e n t i r e  assem blage  o f  c a t l i k e  c a r n iv o r a n s ,  o r  the 
h y p o th e s i s .o f  th e  monophyly of d i s t i n c t  n im ravid 
and f e l i d  l in e a g e s ?
2) What r e l a t i o n s h i p s  between th e  l in e a g e  (s) o f  
c a t l i k e  c a r n iv o ra n s  and o t h e r  g roups c f  c a rn iv o ra n s  
were im p lied  by th e  d i s t r i b u t i o n  o f b a s i c r a n i a l  
c h a r a c t e r s  among th e  C arn iv o ra  and t h e i r  o u tg ro u p s?
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MATERIALS
Specime n s . —F o s s i l  c a rn iv o ra n  s k u l l s  w ith  w ell 
p r e s e rv e d ,  f a i r l y  com plete  b a s i c r a n ia  a r e  v e ry  uncommon; 
t h i s  p a u c i ty  o f  specim ens has been worsened by h a s ty  o r  
i n e x p e r t  p r e p a r a t i o n .  Almost a l l  specim ens used in  t h i s  
s tu d y  had been in c o m p le te ly  p re p a re d  b e fo re  c a r e f u l  
p r e p a r a t io n  by e i t h e r  Mr. O tto  Simonis o r  m y se lf .
Complete p r e p a ra t io n  p e rm it te d  t h e  d e te rm in a t io n  o f  
s t r u c t u r e s  p re v io u s ly  overlo oked  o r  m isco n s tru e d ;  v ery  
c a r e f u l  p r e p a r a t io n  p rov ided  c o n f id e n c e  t h a t  no foramen o r  
groove i s  an a r t i f a c t  o f  rough p r e p a r a t i o n .
Most m a te r i a l  i s  from th e  c o l l e c t i o n s  housed i n  th e  
Departm ent of V e r te b ra te  P a leo n to lo g y  o f  t h e  American 
Museum o f  N a tu ra l  H is to ry  in  New York. The i n s t i t u t i o n a l  
a b b r e v ia t io n s  used in  t h e  t e x t  a r e :
AMNH — American Museum of N a tu ra l  H i s to r y ,
Departm ent o f V e r te b ra te  P a leo n to lo g y  
AMDM — American Museum o f  N a tu ra l  H i s to r y ,
Department o f  Mammalogy 
ANSP — Academy of N a tu ra l  S c ien ces  o f  P h i la d e lp h ia  
F:AM — F r ic k  American Mammals c o l l e c t i o n ,  housed in  
th e  Department o f  V e r te b ra te  P a le o n to lo g y ,  
American Museum o f  N a tu ra l  H is to ry  
LACM — Los Angeles County Museum 
USNM — U nited  S t a t e  N a t io n a l  Museum 
YPM — Yale Peabody Museum
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UF — F lo r id a  S t a t e  Museum, U n iv e rs i ty  of F lo r id a
A ll  a v a i l a b l e  m a t e r i a l  c u r r e n t l y  in  t h e  AMNH 
c o l l e c t i o n  was exam ined. The n im rav id  and o t h e r  
c a rn iv o ra n  m a te r i a l  s e l e c t e d  f o r  p re p a ra t io n  and d e t a i l e d  
s tu d y ,  and s e p a r a t e ly  d e s c r ib e d  below , i s  l i s t e d  i n  Table 
2 .
Taxonomy . —No e f f o r t  was made to  i d e n t i f y  
u n i d e n t i f i e d  specim ens to  s p e c i e s ,  nor was a taxonomic 
r e v i s i o n  w i th in  th e  Nim ravidae u n d e r ta k e n .  The g o a l  of 
t h i s  s tu d y  was to  c h a r a c t e r i z e  th e  n im ravid  b a s ic ra n iu m , 
and t o  d e te rm in e  what p h y lo g e n e t ic  r e l a t i o n s h i p s  o f  th e  
fa m ily  were i n d ic a te d  by t h a t  c h a r a c t e r i z a t i o n .  T h is  
r e q u i r e s  th e  assum ption  t h a t  t h e r e  i s  a group N im ravidae 
ab o u t  which to  ask t h e  q u e s t io n .  Even t h i s  asum ption was 
t r e a t e d  a s  a h y p o th e s is  t o  be t e s t e d :  i f  s p e c i a l  f e a t u r e s
were n o t  found to  c h a r a c t e r i z e  such a group and d e r iv e d  
c h a r a c t e r s  were found in s t e a d  u n i t i n g  a t  l e a s t  some cf th e  
c o n s t i t u e n t  t a x a  w ith  v a r io u s  o th e r  ta x a  o u ts id e  su ch  a 
g ro u p , th en  th e  i n i t i a l  a ssum ption  of monophyly would have 
been c o n t r a d i c t e d .  My g o a l  would th en  be t o  d e te rm in e  th e  
s e p a r a t e  r e l a t i o n s h i p s  o f  th e  c o n s t i t u e n t  t a x a .  An 
i n i t i a l  assum ption  o f  monophyly f c r  each c o n s t i t u e n t  tax o n  
would th en  be n e c e s s a r y ,  and would be t e s t e d  by t h e  
a n a l y s i s  i n  th e  same f a s h io n .
I n i t i a l l y ,  however, no assum ption  of t h e  monophyly o f  
any genus i s  r e q u i r e d ,  even though th e  d e s c r i p t i v e  anatomy
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i s  p r e s e n te d  below by g e n u s .  The genera  a s  he re  
c o n s t i t u t e d  form p h e n c ty p ic a l ly  r a t h e r  c o h e ren t  g ro u p s ,  
c o n t r i b u t i n g  t o  th e  e a s e  o f  d e s c r i p t i o n .  Whether each  
genus i s  m onophyle tic  o r  p o ly p h y le t i c  w i l l  make no 
d i f f e r e n c e  e i t h e r  to  th e  d e s c r i p t i o n s ,  which a re  t i e d  to  
s p e c i f i c  numbered sp ec im en s , o r  t o  th e  s i g n i f i c a n c e  c f  any 
g iven  c h a r a c t e r  in  t h e  d e te rm in a t io n  o f  th e  fam ily * s  
r e l a t i o n s h i p s .  I f  a genus i s  a c t u a l l y  p o l y p h y le t i c ,  we 
sh o u ld  f in d  e i t h e r  t h a t  t h a t  genus has no d e f in in g  
c h a r a c t e r s  bu t  i s  m o rp h o lo g ic a l ly  e n t i r e l y  p r i m i t i v e  
r e l a t i v e  to  a n o th e r  genus o r  g e n e ra ,  o r  t h a t  one o r  more 
s p e c i e s  w ith in  t h i s  p o ly p h y le t i c  genus i s  se en  to  s h a re  
d e r iv e d  c h a r a c t e r  s t a t e s  w ith  th e  members o f  a n o th e r  genus 
o r  o th e r  g e n e ra .  But n e i t h e r  s i t u a t i o n  would a f f e c t  
e i t h e r  t h e  a n a ly s i s  o f  t h e  b a s ic  b a s i c r a n i a l  anatomy of 
t h e  N im ravidae (or s e p a r a t e ,  m onophy le tic  subgroups i f  
t h a t  t u r n s  o u t  t o  be th e  c a s e ) , o r  th e  a n a l y s i s  o f  th e  
f a m i l y ' s  o r  s e p a r a t e  groups* r e l a t i o n s h i p s .
I t  i s  t r u e  t h a t  th e  la c k  in  most c a se s  c f  m u l t ip le  
specim ens o f  each  s p e c i e s  p re v e n ts  a sse ssm en t  o f  how much 
v a r i a t i o n  seen  w ith in  a genus i s  in fo rm a tio n  t h a t  m ight be 
ta x o n o m ic a l ly  u s e fu l  a t  th e  s p e c i f i c  l e v e l  ( i n t e r s p e c i f i c  
v a r i a t i o n )  and how much m erely  r e f l e c t s  i n t r a s p e c i f i c  
v a r i a t i o n  in  t h a t  f e a t u r e .  But a g a in ,  t h i s  i s  r e l e v a n t  
o n l y  t o  a taxonom ic r e v i s i o n  w i th in  th e  fa m ily  and no t 
r e l e v a n t  to  an a sse ssm e n t  o f  t h e  p h y lo g e n e t ic
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 15
r e l a t i o n s h i p s  of th e  N im ravidae a s  a whole. I f  a f e a t u r e  
i s  v a r i a b ly  p r e s e n t ,  w hether i n t e r -  o r  i n t r a s p e c i f i c a l l y  
v a r i a b l e ,  i t  i s  a lm ost c e r t a i n l y  no t u s e f u l  f o r  a 
d e te rm in a t io n  o f the  f a m i l y ' s  r e l a t i o n s h i p s ;  t h a t  
v a r i a t i o n  w i l l  be d e te rm in a b le  from t h e  d e s c r i p t i o n s  as  
th e y  a r e  p re s e n te d  h e r e .
A v a r i e t y  o f  R ecent sp ec im en s , and some o th e r  f o s s i l s  
in  a d d i t i o n  t o  th o se  s tu d ie d  in  d e t a i l  and l i s t e d  i n  th e  
f i r s t  t a b l e ,  were examined to  confirm  my u n d e rs ta n d in g  o f 
t h e  c h a r a c t e r s ,  and to  a  l e s s e r  d e g re e ,  to  check th e  
d e te rm in a t io n  from th e  l i t e r a t u r e  o f each  c h a r a c t e r ' s  
d i s t r i b u t i o n  w i th in  th e  C a rn iv o ra  and in  o u t-g ro u p s  fo r  
t h e  o r d e r .  These specim ens a r e  l i s t e d  in  T ab le  3 .
C l a s s i f i c a t i o n ; —The fo l lo w in g  c l a s s i f i c a t i o n  o f  th e  
O rder  C arn ivo ra  i s  in te n d e d  to  p ro v id e  d e f i n i t i o n s  ( i . e . ,  
in c lu d e d  groups) o f  t h e  h ig h e r  ta x a  used  in  th e  fo l lo w in g  
d i s c u s s i o n ,  and to  g iv e  some id e a  o f  th e  r e l a t i o n s h i p s  
among th e  tax a  m en tioned , e s p e c i a l l y  th o se  used f o r  
com parison . I t  i s  more d e t a i l e d  than  th e  working 
h y p o th e s is  of phylogeny shown in  F ig u re  7 .  The 
c l a s s i f i c a t i o n  i s  a l s o  more c o n s e r v a t iv e  th an  th e  
phylogeny however: I  have g e n e r a l l y  (but n o t  a lw ays)
a v o id ed  a d o p tin g  names f o r  h ig h e r  g roups when they  
in c lu d e d  only i s o l a t e d  f a m i l i e s ,  f o r  exam ple , and have 
im p lied  m u ltich o to m ies  when I  c o n s id e r  th e  e v id e n ce  fo r  
s p e c i f i c  r e l a t i o n s h i p s  t o  be even more ten u o u s  th an  i s
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g e n e r a l ly  th e  c a s e .
The s ta n d a rd  c l a s s i f i c a t i o n  f o r  n e a r ly  f o r ty  y e a rs  
has been S im pson 's  (1 945 ) .  However, h i s  c la s s i f i c a t io n  
r e f l e c t e d  both  g r a d i s t i c  and c l a d i s t i c  c o n c e p ts—an 
approach  t h a t  i s  no t i n t r i n s i c a l l y  i n c o r r e c t  per s e . 
However, such a mixed approach  has n o t  been found t o  be 
e n t i r e l y  s a t i s f a c t o r y  to  many o f  us who a r e  p a r t i c u l a r l y  
i n t e r e s t e d  e i t h e r  in p h y lo g e n e t ic  r e l a t i o n s h i p s  o r  in  
maximally in fo rm a t iv e  c l a s s i f i c a t i o n s  (in  t h e  se n se  not o f 
how much in fo rm a tio n  "went i n ” t o  a g iven  c l a s s i f i c a t i o n ,  
b u t  how much can be r e t r i e v e d  a c c u r a t e ly  f r o m a g iv e n  
c l a s s i f i c a t i o n )  o r  in  b o th .  Given t h e  l a t t e r  c r i t e r i a ,  I  
p r e f e r  a c l a s s i f i c a t i o n  t h a t  r e f l e c t s  th e  b e t t e r  su p p o r te d  
p h y lo g e n e t ic  h y p o th e s e s ,  b u t  in c lu d e s  m u lt ich o to m ies  f o r  
rem ain ing  prob lem s, and whose o v e r a l l  h i e r a r c h i c a l  
s t r u c t u r e  i s  e n t i r e l y  c o n s i s t e n t  w ith  th e  phy logeny .
Thus, th e  c l a s s i f i c a t i o n  g iv en  h e re  ( r a t h e r  than  S im pson 's  
(1945) c l a s s i f i c a t i o n )  i s  used in  th e  b e l i e f  t h a t  i t  w i l l  
e n a b le  me t o  summarize c h a r a c t e r  d i s t r i b u t i o n s  b e t t e r  and 
r e f e r  more sim ply  to  n a tu r a l  g ro u p s .
Most o f  th e  c l a s s i f i c a t i o n  o f  th e  g roups in  t h e  
C an ifo rm ia  fo l lo w s  Tedford  (1976) f o r  th e  h ig h e r  l e v e l s ,  
and an u n pu b lish ed  cladogram  by T ed fo rd , d i s t r i b u t e d  in  
1980 . However, w i th in  t h e  C an ifo rm ia ,  I  p la c e  th e  
flmphicyonidae c lo s e  t o  t h e  U rs id a e ,  i n  c o n t r a s t  t o  
T edford*s placem ent o f  them a s  s i s t e r  group to  th e  r e s t  o f
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t h e  non-m iacid  C an ifo rm ia  ( e q u iv a le n t  to  p o s i t io n  3 on th e  
cladogram  in  F ig u re  7 ) .  My re a so n  f o r  t h i s  i s  p r im a r i ly  
th e  l a r g e  e x c a v a t io n  i n t o  th e  b a s i o c c i p i t a l  f o r  a l a r g e  
i n f e r i o r  p e t r o s a l  venous s in u s  in  both  Amphicyonidae and 
U r s id a e .  T h is  i s s u e  i s  d is c u s se d  f u r t h e r  by Hunt (1974b, 
1 9 7 7 ) .  The d i v i s io n  of th e  "m ia c id s"  sensu  l a t o  i s  a f t e r  
F lynn and G aliano  (1982), a l th o u g h ,  a s  w i l l  be obv ious 
l a t e r ,  t h i s  a rrangem en t r a i s e s  some q u e s t io n s  about th e  
e v o lu t io n  o f  e a r  morphology w i th in  th e  modern C a rn iv o ra .
The r e l a t i o n s h i p s  and subgroups w ith in  the  F e lo id e a  
( th e  fo u r  e x ta n t  f a m i l i e s )  a re  based on my own p re l im in a ry  
a n a l y s i s .  The r e s u r r e c t i o n  o f  t h e  d iv i s io n  of th e  
'v i v e r r i d s *  s e n s u l a t o  i n t o  t h e  two f a m i l i e s  V iv e r r id a e  
and H e rp e s t id a e  has been confirm ed  and g r e a t l y  a m p l i f ie d  
by C h r is  U ozencra f t  ( in  p r e p . ) .  A number of s p e c i a l  
f e a t u r e s  a re  sh a red  by Hyaenidae and F e l id a e  on th e  one 
hand , and by Hyaenidae and H e rp e s t id a e  on th e  o t h e r ;  I  do 
n o t  th in k  e i t h e r  s e t  s u f f i c i e n t l y  overwhelming in  l i g h t  o f 
t h e  o th e r  t o  r e s o lv e  th e  t r ic h o to m y  i n d i c a t e d .  Some of 
t h e  s u b f a m i l i e s  in d ic a te d  a l s o  r e p r e s e n t  problem s: the
S t e n o p l e s i c t i n a e ,  now in  th e  V iv e r r id a e ,  may be e i t h e r  
p a r a p h y le t i c  o r  s i s t e r  group to  th e  e n t i r e  F e lo id a e .
C ry p to p ro c ta  may a c t u a l l y  be r e l a t e d  to  th e  H e rp es tid a e  
and H yaen idae . w i th in  t h e  F e l id a e ,  I  re c o g n iz e  an 
A cinonycinae  bu t w i th in  i t  I  i n c lu d e  Uncia (snow leo p a rd )  
a s  w e ll  a s  th e  c h e e ta h ,  and a c o u p le  o f  f o s s i l  ta x a  cn th e
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b a s i s  o f s e v e r a l  a s p e c t s  o f  s k u l l  m orphology. P a n th e r in a e  
com prises  on ly  P. l e o . P. p a rd u s . P .  t j g r i s . and P . onca . 
p r im a r i ly  on th e  b a s i s  o f  th e  s p e c i a l i z e d  hycid  f o r  
r o a r i n g ,  a c o n d i t io n  I  h y p o th e s iz e  does no t occur i n  
U ncia . The o th e r  "b ig  c a t " ,  N e o f e l i s . i s  p la c e d  in  
F e l in a e  i n c e r ta e  s e d i s ,  a s  i s  Puma.
o rd e r  C a rn ivo ra  Bowditch, 1821
p le s io n  fam. N im ravidae Cope, 1880 
subfam . Nim ravinae Cope, 1880 
subfam . Hoplophoninae K re tz o i ,  1929 
subfam . B a rb o u ro fe l in a e  S c h u l tz ,  S c h u l tz ,
and M a rt in ,  1970 
su b o rd e r  F e l i fo rm ia  K r e tz o i ,  1945 
i n f r a o r d .  A e lu ro id ea  F low er, 1869
p le s io n  fam. V iv e r ra v id a e  Wortman and
Matthew, 1899 
superfam . F e lo id e a  Hay, 1930 
fam. V iv e r r id a e  Gray 1821
subfam . S t e n o p le s i c t i n a e  S c h lo s s e r ,  1923 
V iv e r r in a e  G ray , 1821 
P a rad c x u r in ae  G ray , 1864 
C ry p to p ro c t in a e  G ray, 1864 
fam. Hyaenidae G ray , 1869
subfam . I c t i t h e r i i n a e  T r o u e s s a r t ,  1897
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Hyaeninae Gray, 1869 
P r o t e l i n a e  G e o f f ro y ,  1851 
fam. H e rp e s t id a e  B o n a p a r te ,  1845
subfam . H e rp e s t in a e  B o n a p a r te ,  184 5 
H em igalinae G ray, 1864 
G a l id i in a e  G ray , 18 64 
fam . F e l id a e  F i s c h e r ,  1817
subfam . P r o a i lu r i n a e  Z i t t e l ,  1893 
F e l in a e  F i s c h e r ,  1817 
P a n th e r in a e  Pocock, 1917 
A cinonycinae  Pocock, 1917 
M achaerodontinae  G i l l ,  1872 
su b o rd e r  C an ifo rm ia  K r e t z c i ,  1945 
p le s io n  fam . M iacidae  Cope, 1880 
i n f r a o r d .  Cynoidea F low er, 1869 
fam. C anidae  F i s c h e r ,  1817
subfam . B orophaginae  Simpson, 1945 
Caninae F i s c h e r ,  1817 
i n f r a o r d .  A rc to id e a  F lo w er , 1869
p le s io n  fam. Amphicyonidae T r o u e s s a r t ,  188 5 
subfam. Daphoeninae Hough, 1948
Arophicyoninae T r o u e s s a r t ,  1885 
p a rv o rd .  U rs id a  T ed fo rd ,  1976
superfam . U rso idea  Gray, 1825 
fam. U rs id a e  F i s c h e r ,  1817
subfam . Amphicynodontinae Simpscn,
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1945
Hemicyoninae F r i c k ,  19 26 
U rs inae  F i s c h e r , 1817 
A ilu ro p o d in ae  G reve, 1894 
fam. O t a r i i d a e  Gray, 1825
subfam . E n a l i a r c t i n a e  M i tc h e l l  and
T e d fo rd ,  1973 
Desmatcphocinae Hay, 1930 
C t a r i i n a e  Gray, 1825 
Cdobeninae A l le n ,  1880 
p a rv o rd .  M u ste lid a  T ed fo rd ,  1976
superfam . P rocycno idea  B o n a p a r te ,  1850 
fam. P rocyon idae  G ray , 1825
subfam . Sim ocycninae D avk ins, 1668 
A i lu r in a e  G ray , 1843 
E a s s a r i s c in a e  G ray , 1869 
P rocyoninae  G ray, 1825 
superfam . M u s te lc id ea  Sw ainson, 1835 
fam. M u s te l id a e  F i s c h e r ,  1817
subfam . M uste linae  F i s c h e r ,  1817 
M e liv o rin ae  G ray , 1865 
Melinae B o n a p a r te ,  1838 
Guloninae Gray, 1825 
M ephitinae  B o n a p a r te ,  1845 
T a x id i in a e  Pocock, 1920 
l e p t a r c t i n a e  G az in ,  19 36
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L u tr in a e  B o n ap ar te ,  1838 
fam . Phocidae  Gray 1821
subfam . Sem antorinae O rlo v ,  18 31 
Phocinae Gray, 1821 
Monachinae G ray , 1869
o rd e r  C reodonta Cope, 1875
fam. Oxyaenidae Cope, 1877 
fam. H yaenodontidae L e idy , 1869
fam. P a l a e o n ic t id a e  Z i t t e l ,  1893
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 22
METHODS
I n t r o d u c t i on
S in ce  th e  f i r s t  q u e s t io n  t h a t  led  t o  t h i s  s tu d y  was 
one o f  p h y lo g e n e t ic  r e l a t i o n s h i p s ,  th e  methodology 
employed sho u ld  be one t h a t  p roduces  and e v a lu a t e s  
e v id en ce  f o r  h y p o th e se s  about p h y lo g e n e t ic  r e l a t i o n s h i p s .  
Much r e c e n t  d i s c u s s io n  i n  th e  s y s te m a t i c  l i t e r a t u r e  has 
dw elt  on th e  v a r io u s  m ethodo log ies  in  s y s t e m a t i c s .  That 
c l a d i s t i c  a n a l y s i s  i s  t h e  a p p r o p r ia te  method f o r  
c o n s t r u c t in g  h y p o th eses  of phylogeny from c h a r a c t e r  
d i s t r i b u t i o n s  i s  w ide ly  reco gn ized  (Mayr 197«; Simpson,
19 7 5 ) .  However, ‘' c l a d i s t i c  a n a ly s is '*  i s  n o t  m o n o li th ic :  
argum ents a b o u t  d e t a i l s  o f  th e  t h e o r e t i c a l  s t r u c t u r e  of 
t h e  method, o r  about which a lg o r i th m s  a r e  t h e  a p p ro p r ia te  
ones f o r  c l a d i s t i c  a n a l y s i s ,  c e r t a i n l y  s t i l l  o c c u r ,  as do 
a l s o  argum ents about th e  e n t i r e l y  s e p a r a t e  q u e s t io n  of th e  
a p p r o p r ia te n e s s  o f  c l a d i s t i c  c l a s s i f i c a t i o n  (vs . 
c l a s s i f i c a t i o n  on any b a s i s  o t h e r  than  sequence  o f  
p h y lo g e n e t ic  r e l a t i o n s h i p s  a l o n e ) .
My pu rp oses  in  t h i s  d i s c u s s io n  a r e  t h r e e f o l d :  1) t o
s t a t e  b r i e f l y  which v e r s io n  o f  c l a d i s t i c  th e o ry  and 
methodology was employed i n  t h i s  s tu d y ,  2) t o  p r e s e n t  some 
d i s c u s s io n  and c r i t i c i s m  o f  c l a d i s t i c s  t h a t ,  t o  my 
knowlege, have n o t  y e t  been f u l l y  put f o r t h  e ls e w h e re ,  and
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3) t o  d e s c r ib e  i n  d e t a i l  t h e  methodology I  have fo rm u la te d  
t o  r e p a i r  th e  prim ary d e f i c ie n c y  of c l a d i s t i c  a n a l y s i s — a 
method o f  c h a r a c t e r  a n a l y s i s .
Because my goal i s  th e  e lu c id a t i o n  o f  p h y lo g e n e t ic  
r e l a t i o n s h i p s ,  a c l a d i s t i c  a n a l y s i s  was p e rfo rm ed . Such 
an a n a l y s i s  may be summarized a s  th e  c o n s t r u c t io n  o f  a 
h y p o th e s is  of group membership based on t h e  d i s t r i b u t i o n s  
o f  c h a r a c t e r s  among t h e  in c lu d ed  ta x a ,  and th e  t e s t i n g  o f  
t h a t  h y p o th e s is  by com parison w ith  th e  d i s t r i b u t i o n s  of 
a d d i t i o n a l  c h a r a c t e r s .  That t h i s  i s  th e  a p p r o p r i a t e  
method f o r  d e r iv in g  p h y lo g e n e t ic  r e l a t i o n s h i p s  has long 
been re c o g n iz e d ,  a t  l e a s t  among paleom am m alogists . For 
exam ple, W. B. S c o t t  a s s e r t e d  in  1889 in  a d i s c u s s io n  o f  
t h e  p h y lo g e n e t ic  r e l a t i o n s h i p s  o f  th e  N im ravidae t h a t  " I t  
i s  o b v io u s ,  in  t h e  f i r s t  p l a c e ,  t h a t  th e  r e t e n t i o n  of 
p r i m i t iv e  c h a r a c t e r s  in  any two groups o f  a s e r i e s  i s  no 
p ro o f  o f  any r e l a t i o n s h i p  n e a re r  than t h a t  th rough  th e  
common a n c e s to r  o f t h e  e n t i r e  s e r i e s . 1' (p . 231) ■ Of 
c o u r s e ,  a thorough  a n a l y s i s  o f  p r im i t iv e  v e r s u s  d e r iv e d  
c h a r a c t e r  s t a t e s  was n o t  a lw ays perform ed (as  d is c u s se d  in  
t h e  I n t r o d u c t i o n ) . And i t  was much r a r e r  f o r  e n t i r e l y  
v e r t i c a l  c l a s s i f i c a t i o n s ,  i f  any were p ropo sed , t o  be 
c o n s t r u c t e d .  In  th e  p r e s e n t  s tu d y ,  q u e s t io n s  o f  
c l a s s i f i c a t i o n  a r e  r e s e r v e d  f o r  b r i e f  d i s c u s s io n  i n  th e  
l a s t  s e c t i o n ;  my p rim ary  g o a ls  a r e  th e  d e s c r i p t i o n  o f  t h e  
b a s i c r a n i a l  anatomy o f  t h e  N im ravidae , an a n a l y s i s  o f  th e
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p h y lo g e n e t ic  r e l a t i o n s h i p s  o f  t h e  f a m i ly ,  and a d i s c u s s io n  
o f  th e  methods o f  c h a r a c t e r  a n a l y s i s  which f a c i l i t a t e  such  
a p h y lo g e n e t ic  a n a l y s i s .
G eneral  ph i lo s o p h ic a l  b a s i s . —The p h i lo s o p h ic a l  b a s i s  
o f  our s c i e n t i f i c  methods has been much d is c u s se d  i n  th e  
s y s te m a t i c  l i t e r a t u r e  in  r e c e n t  y e a r s .  T h is  d i s c u s s io n  i s  
v a lu a b le  f o r  two r e a s o n s :  1) knowing e x a c t ly  what we
a c c e p t  a s  v a l i d  re a so n in g  e n a b le s  each  o f  u s  to  m onito r 
ou r  own re a s o n in g  and th e re b y  red u ce  f a c i l e  a c c ep tan c e  o f  
i n t e r p r e t a t i o n s  on i n s u f f i c i e n t  e v id e n c e ;  2) s t a t i n g  our 
p ro c e d u re s  c l e a r l y  in  communicating o u r  r e s u l t s  p ro v id e s  
o t h e r s  a f irm  b a s i s  from which to  a c c e p t  o r  doubt o u r  
i n t e r p r e t a t i o n s .  Some v e ry  s k i l l e d  s y s t e m a t i s t s  may be 
a b le  t o  s tu d y  t h e i r  o rgan ism s and fram e p h y lo g e n e t ic  o r 
o th e r  s o r t s  o f  h y p o th e se s  in  an e n t i r e l y  l o g i c a l  f a s h io n  
w ith o u t  e v e r  hav ing  t o  e v a lu a t e  t h e i r  methods o f  
r e a s o n in g .  I  su s p e c t  t h e s e  p eo p le  a r e  r a r e  e x c e p t io n s  and 
t h a t  most i f  no t  a l l  would b e n e f i t  a s  I  have from c a r e f u l  
th o u g h t  abou t t h e i r  m ethods.
The p h i lo s o p h ic a l  l i t e r a t u r e ,  a t  f i r s t  g la n c e ,  
p r e s e n t s  a c o n t r a s t  between t h e  t h e o r e t i c a l  p h i lo s o p h e rs  
o f s c i e n c e ,  who d e v is e  and e v a lu a te  schemes fo r  how 
s c ie n c e  s hould be done, and th e  s o c i o l o g i s t s  o f s c i e n t i f i c  
p h i lo s o p h y ,  who p r e s e n t  g e n e r a l i z a t i o n s  abou t how s c ie n c e  
i s  done. T here  seem t o  be some d i f f e r e n c e s  in  th e  
c o n c lu s io n s  o f  th e  two camps. Thus t h e  r e s e a r c h e r  i s  l e f t
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 25
w ith  th e  q u e s t io n :  how does one know which i s  th e  r i g h t
way to  do s c ie n c e ?  The rev iew  and d i s c u s s io n  t h a t  I  have 
found most u s e f u l  i s  t h a t  by L aka tos  (1970), in  which th e  
methodology proposed i s  e v a lu a te d  by i t s  co rrespondence  to  
t h e  a p p a re n t  methodology o f  s u c c e s s f u l  s c ie n c e  in  th e  
p a s t .  (The q u e s t io n  th en  r e g r e s s e s  t o  one o f  e v a lu a t in g  
th e  ‘success*  of v a r io u s  p a s t  r e s e a r c h  programmes, o r  even 
o f  s c ie n c e  in  g e n e r a l .  I  w i l l  m erely a c c e p t  Lakatos* 
e v a lu a t io n  fo r  th e  p u rp o se s  o f  t h i s  s tu d y . )
B r i e f  in t r o d u c to r y  d i s c u s s io n s  of t h e  p h i lo s o p h ic a l  
a l l e g i a n c e s  o f  many c l a d i s t s  can be found in  Gaffney 
(1979) o r  Wiley (1981). Most o f  th e s e  d i s c u s s io n s  espouse 
a method t h a t  L akatos (1970) l a b e l s  " n a iv e  m ethod o log ica l  
f a l s i f i c a t i o n i s m " .  In  t h i s  ap p roach , a c c e p ta b le  
h y p o th eses  a re  th o se  t h a t  a re  t e s t a b l e  o r  " f a l s i f i a b l e " ;  
p ro g re s s  i s  made by d i l i g e n t l y  s e a rc h in g  f o r  r e f u t a t i o n  o f  
such h y p o th e s e s .  I  have found t h i s  c h a r a c t e r i z a t i o n  of 
how s c ie n c e  i s  p ro p e r ly  done in a d e q u a te ,  and p r e f e r  
in s t e a d  t o  e v a lu a te  p h y lo g e n e t ic  methodology in  th e  
c o n te x t  o f  a p h i lo so p h y  dubbed " s o p h i s t i c a t e d  
m e thod o log ica l  f a l s i f i c a t i o n i s m "  by L a k a to s .  D iscuss ion  
o f  th e  p h i lo s o p h ic a l  c o n te x t  o f  my methods w i l l  be l im i te d  
to  th o s e  a s p e c t s  p a r t i c u l a r l y  im p o r ta n t  f o r  u n d e rs tan d in g  
l a t e r  s p e c i f i c  p o in ts  abou t c l a d i s t i c  a n a l y s i s ;  a more 
thorough  a n a l y s i s  o f  both  ty p es  o f  m ethodo log ica l 
f a l s i f i c a t i o n i s m  can be found in  L akatos (19 70) and
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numerous r e f e r e n c e s  c i t e d  t h e r e i n .
Our knowlege abou t a n y th in g  i s  u n c e r t a i n .  T here  i s  
no a b s o lu te  p ro o f  o f a n y th in g ,  in c lu d in g  th e  lo w - le v e l  
(very s p e c i f i c )  hyp o th eses  we t y p i c a l l y  c a l l  " f a c t s "  and 
u s u a l ly  t r e a t  a s  c e r t a i n .  Cne o f  th e  p o in ts  t h a t  w i l l  be 
s u b s t a n t i a t e d  by my s tu d y  i s  t h a t  t h e  c u r r e n t  p r a c t i c e  o f  
s y s te m a t ic s  h a s  been to  t r e a t  h y p o th eses  o f too  h igh  a 
l e v e l  o f g e n e r a l i t y  a s  f a c t s ,  which a r e  th en  n o t  r e a d i ly  
s u b j e c t  t o  q u e s t io n  and p o s s ib l e  r e f u t a t i o n .  Dem onstrable 
e r r o r  has a r i s e n  from t h i s  p r a c t i c e .
Our a s s e r t i o n s  abou t a s u b j e c t  can  be s t a t e d  i n  
s e v e r a l  ways. F i r s t ,  a d i s t i n c t i o n  must be made between 
hy p o th eses  and assum ptions  ( p a r t  of what L aka tos  (1970) 
term s “un p ro b lem atic  background knowledge” ) . W ith in  a 
g iven  s tu d y ,  i f  an a s s e r t i o n  i s  t r e a t e d  as an a ssum p tion , 
t h a t  a s s e r t i o n  i s  n o t  s u b je c t  t o  t e s t i n g  and p o s s ib le  
r e f u t a t i o n  by th e  ev id en ce  ( i . e .  by l o w e r - l e v e l ,  o r  more 
s p e c i f i c ,  h y p o th e s e s ) ; th e  a ssu m ptio ns  a r e  tak e n  a s  t ru e  
d u ring  t h e  i n t e r p r e t a t i o n  o f  t h a t  e v id e n c e .  An enormous 
number o f “ fac ts '*  a re  assumed t o  be t r u e  in  any s tu d y .
Most a r e  n o t  c a l l e d  i n t o  q u e s t io n  f a r  enough even t o  be 
l a b e l l e d  assum ptions  and be th e re b y  acknowledged a s  
p o t e n t i a l l y  open t o  d o u b t .  In  o t h e r  words, s t a t e d  
a ssu m p tio n s  a r e  u s u a l ly  r e s t r i c t e d  t o  th o se  item s o f  
"u n p ro b lem a tic  background knowledge" t h a t  a r e  no t 
•obviously*  t r u e  and might t h e r e f o r e  be most p r o f i t a b ly
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c o n s id e re d  p ro b le m a tic  i n  a n o th e r  s tu d y .
In  c o n t r a s t  t o  t h e  a s su m p tio n s ,  t h e  s ta te m e n ts  framed 
a s  h ypo theses  a re  th o s e  t h a t  a re  s u b j e c t  t o  t e s t  w i th in  
th e  s t r u c t u r e  of th e  s tu d y .  By t h i s  i s  meant t h a t  from 
th e  hy p o th eses  can be  deduced s p e c i f i c  e x p e c ta t io n s  t h a t  
can th en  be observed  to  be " t r u e ’* o r  " f a l s e " .  I t  must be 
remembered, however, t h a t  th e s e  o b s e r v a t io n s  a re  
th em se lv e s  h y p o theses  (u s u a l ly  l o w e r - l e v e l  hypo theses)  and 
never known a b s o lu te ly  t o  be t r u e  o r  f a l s e .  As a r e s u l t  
no h y p o th e s is  can be a b s o lu te ly  d isp ro v e n  any more than  i t  
can be a b s o lu te ly  p roven . (For t h i s  r e a s o n ,  I  use th e  
term s " to  r e f u t e "  and " r e f u t a t i o n "  r a t h e r  th a n  " to  
f a l s i f y "  and " f a l s i f i c a t i o n " ;  th e  form er im p l ie s  a 
d e c i s iv e  m a rs h a l l in g  of ev id en ce  a g a in s t  an a s s e r t i o n  bu t 
need n o t  be tak en  as a b s o lu te  d i s p r o o f ,  whereas th e  
c o n n o ta t io n  o f  " t o  f a l s i f y "  i s  more a b s o l u t e .  I  w i l l  
r e s t r i c t  " r e f u t a t i o n "  t o  th e  s t e p  o f  abandoning a 
h y p o th e s is  (when i t  i s  r e p la c e d  by a b e t t e r  one , even 
t e m p o r a r i l y ) ,  and w i l l  use  th e  term " c o n t r a d ic t io n "  to  
d e s c r ib e  th e  in c o n s is te n c y  between an 'e m p i r i c a l  
o b se rv a t io n *  ( i . e .  a lo w e r - l e v e l  h y p o th e s is )  and t h e  
c u r r e n t l y  he ld  h y p o th e s is  under t e s t .  T h is  d i s t i n c t i o n  
between c o n t r a d i c t i o n s  and r e f u t a t i o n s  i s  an im p o rtan t  one 
in  s o p h i s t i c a t e d  m e tho do log ica l  f a l s i f i c a t i o n ! s m .  I t  i s  
d isc u sse d  b r i e f l y  below, and in  more d e t a i l  by Lakatos 
(1970) .)
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In  n a iv e  f a l s i f i c a t i o n i s m ,  a h y p o th e s is  i s  t e s t e d  by 
congruence  o r  in co ng ruence  between th e  d e d u c t io n s  from 
t h a t  h y p o th e s is  and th e  " f a c t s " — h y p o th eses  t h a t  a r e  o f  a 
low er l e v e l  o f  g e n e r a l i t y  and t h e r e f o r e  a lm o st a lw ays more 
h ig h ly  c o r r o b o r a te d .  H ypotheses c f  t h e  same l e v e l  o f  
g e n e r a l i t y  can be in c o n g ru e n t  w ith  each  o t h e r ,  bu t  t h i s  
would seem to  be a weaker t e s t  o f  any g iven  h y p o th e s is  
because  a l l  c o u ld  be roug h ly  e q u a l ly  w e ll  c o r r o b o r a te d  and 
one f a l l s  back on c o n s id e r in g  c o r ro b o ra te d  th e  l a r g e s t  
s u b s e t  o f  hypo theses  co n g ru en t among th em se lv es  from th e  
e n t i r e  group o f  h y p o th e se s—a s o r t  of c o n se n s u s .  T h is  i s  
a form o f  th e  parsimony c r i t e r i o n  and i s  a c t u a l l y  i n  
w idesp read  u s e .
The concep t o f  parsim ony i s  a much d is c u sse d  and 
o f t e n  m isused one . T his  d i s c u s s io n  w i l l  be l im i te d  to  a 
s i n g l e  c a v e a t :  parsim ony i s  a c r i t e r i o n  a p p l i c a b le  to  o u r
c o n s t r u c t s  abou t th e  w o rld ,  n o t  to  r e a l i t y  i t s e l f  ( f c r  
exam ple , C r i s c i* s  (1982) "m e th o d o lo g ic a l"  v e rs u s  
" o n t o lo g i c a l "  parsimony) . R e a l i t y  i s  n e i t h e r  p a rs im on io us  
no r  nonpars im on ious; e v a lu a t i o n s  of w hether r e a l i t y  could 
be s im p le r  th a n  i t  i s  a re  im p o ss ib le  s i n c e  we n e i t h e r  know 
f u l l y  what r e a l i t y  i s  no r  can we judge w hether som ething 
t h a t  i s  n o t  r e a l  bu t a p p a re n t ly  s im p le r  c o u ld in  f a c t  
e x i s t .  I n s t e a d ,  i t  i s  our e x p la n a t io n s  o f r e a l i t y ,  our 
h y p o th e s e s ,  which a r e  e i t h e r  pa rs im on io us  o r  
no n p a rs im o n io u s ,  which e n t a i l  e i t h e r  a g r e a t e r  o r  l e s s e r
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number o f  a ssum ptions  and a u x i l i a r y  h y p o th e s e s .  Thus my 
use  o f  •'parsimony*' c o r re sp o n d s  t o  C r i s c i ' s  "m e th o d o lo g ica l  
pars im ony"; I  c o n s id e r  h i s  con cep t of " o n to lo g ic a l  
pars im ony” n o n s e n s ic a l .
A maximally pa rs im on iou s  h y p o th e s is  i s  th e  s im p le s t  • 
one a v a i l a b l e  t h a t  b e s t  f i t s  th e  most d a t a .  The problem s 
w ith  u s in g  t h i s  c o n ce p t  a re  most e a s i l y  seien by o b se rv in g  
t h a t  t h e  p reced in g  s t a te m e n t  in c lu d e s  t h r e e  e n t i t i e s  o r  
q u a l i t i e s  ( th e  d e f i n i t i o n s  o f a l l  o f  which a r e  open to  
argum ent) t o  be maximized s im u l ta n e o u s ly :  " s im p le s t " ,
" b e s t  f i t ” , and "most d a t a " .  I n c lu s io n  o f  t h e  l a s t  i tem , 
"most d a ta ” , i n c o r p o r a te s  th e  o r i g i n a l  co n cep t t h a t  
h y p o th eses  or e x p la n a t io n s  a re  n o t  to  be m u l t ip l i e d  
u n n e c e s s a r i l y .  An e x te n s io n  o f  t h i s  c o n ce p t  le a d s  to  th e  
c r i t e r i o n  o f  ( t e n t a t i v e l y )  a c c e p t in g  the' ‘ l e a s t  
h y p o th e s is  (or th e  m axim ally c o n g ru en t s u b s e t )  from a s e t  
o f  c o m p e t i to r s ,  b e c a u se ,  were t h a t  h y p o th e s is  (or s e t  o f  
h y p o th eses )  a c c e p te d ,  th e  few est number o f  ad hoc 
h y p o th eses  (to  e x p la in  th e  anom alies) w i l l  be r e q u i r e d .
In  many c a s e s ,  t h e  r e l a t i v e  parsimony o f  h y p o theses  w i l l  
be a com plica ted  m a t te r  t o  ju d g e ,  o f t e n  depending on how 
one c o u n ts  up th e  anom alie s  r e g u i r i n g  a u x i l i a r y  hypo theses  
and p e rh a p s  on assu m ptio ns  abou t th e  l i k e l i h o o d s  o f  
v a r io u s  e v e n ts  (w e ig h tin g  anom alies  a s  s t r o n g e r  o r  weaker 
c o n t r a d i c t i o n s ) .  (For exam ple, se e  t h e  d i s c u s s io n  of 
w e igh ting  c h a r a c t e r s  and o f  th e  r e l a t i v e  l i k e l i h o o d s  of
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a l t e r n a t i v e  t r a n s fo rm a t io n  s e r i e s  in  t h e  s e c t i o n  below on 
c h a r a c t e r  a n a l y s i s . )
I n  any e v e n t ,  a h y p o th e s is  i s  c o r ro b o ra te d  o r  
c o n t r a d ic t e d  by th e  a v a i l a b l e  e v id e n c e ,  bu t n e i th e r  
c o r ro b o ra t io n  o r  c o n t r a d i c t i o n  i s  a b s o l u t e .  As a r e s u l t ,  
t h e  p o s s i b i l i t y  rem ains t h a t  a r e f u t e d  h y p o th e s is  may 
re g a in  p r e f e r r e d  s t a t u s  i f  t h e  r e f u t i n g  ev id en ce  ( i . e .  
anom alies  t h a t  ga ined  th e  s t a t u s  of c o u n te r  examples) i s  
i t s e l f  in d ep e n d en tly  r e f u te d  ( t h a t  i s ,  •e m p ir ic a l  
o b se rv a t io n s*  a r e  found to  be *wrcng* and th e  rep lacem en t 
h y p o th e s is  t h e r e f o r e  comes to  be c o n t r a d ic te d  by t h e  
d a t a ) ,  o r  i f  t h e r e  a r e  a l im i te d  number o f  hy p o th eses  t h a t  
can c o n c e iv a b ly  be h e ld  about a c irc u m s ta n ce  and a l l  
o th e r s  a r e  more e x te n s iv e ly  c o n t r a d i c t e d .  In  th e  l a t t e r  
c a s e ,  th e  ev id e n ce  in c o n g ru e n t  w ith  t h e  l e a s t  c o n t r a d ic te d  
h y p o th e s is  i s  i t s e l f  ( t e n t a t i v e l y )  d isc a rd e d  ( r e fu te d  by 
th e  h i g h e r - l e v e l  h y p o th e s i s ) ;  t h a t  i s ,  th e s e  c o n t r a d ic to r y  
• e m p ir ic a l  o b s e r v a t io n s  • become th e  an o m a lie s  t h a t  a re  
e x p la in e d  by a u x i l i a r y  o r  ad hoc h y p o th e se s .
Both L aka to s  (1970) and Kuhn (1970) have p o in te d  o u t  
t h a t  h y p o th eses  u s u a l ly  c o e x i s t  in  our body of knowledge 
w ith  o b s e r v a t io n s  t h a t  c o n t r a d i c t  them . The o b s e rv a t io n s  
a r e  e i t h e r  no t i n t e r p r e t e d  c o r r e c t l y  ( i . e .  n e t  recog n ized  
a s  c o n t r a d i c t i o n s —;th e  i n f lu e n c e  cf t h e  assum ptions held  
a t  any tim e) or* more u s u a l ly ,  a r e  e x p la in e d  by an 
a u x i l i a r y  h y p o th e s is  and th en  d is re g a rd e d  because t h e  main
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h y p o th e s is  i s  o th e rw is e  w ell  c o r r o b o r a te d .  In th e  l a t t e r  
c a s e ,  th e  i n i t i a l  ( in co n g ru e n t)  i n t e r p r e t a t i o n  of t h e  
o b s e rv a t io n  i s  t h e r e f o r e  c o n s id e re d  wrong ( r e f l e c t i n g  th e  
f a i l u r e  t o  come up w ith  a b e t t e r  main h y p o th e s is  t o  f i t  
more o f  t h e  o b s e r v a t io n s  in c lu d in g  t h i s  c o n t r a d i c t i o n ) .  
However, such a lo w e r - l e v e l  h y p o th e s is  sh o u ld  no t be 
c o n s id e re d  r e f u te d  by th e  a cc ep ted  h i g h e r - l e v e l  h y p o th e s is  
i t  c o n t r a d i c t s .  I t  rem ains  an anomaly u n t i l  i t  i s  r e f u te d  
d i r e c t l y  by r e v i s in g  th e  i n t e r p r e t i v e  t h e o r i e s  used to  
produce  th e  'e m p i r i c a l  o b se rv a t io n *  (and t h e r e  a re  always 
such t h e o r i e s  and assum ptions)  o r  by g a th e r in g  a d d i t i o n a l  
s t i l l  lo w e r - l e v e l  'e m p i r i c a l  o b s e r v a t i o n s '  t o  j u s t i f y  a 
r e - i n t e r p r e t a t i o n  under th e  same i n t e r p r e t i v e  t h e o r i e s .
In  ve ry  s i m p l i f i e d  summary, p ro d u c t iv e  and u s e f u l  
s t u d i e s  a r e  s t r u c tu r e d  ( i m p l i c i t l y  or e x p l i c i t l y )  such 
t h a t  th e y  d iv id e  a l a r g e  h ie r a r c h y  of hy p o th eses  a b o u t  th e  
world i n t o  t h r e e  l e v e l s :
1 .  a ssum p tion s  — h i g h e r - l e v e l  h y p o theses  ta k e n  t o  be 
t r u e  d u r in g  th e  s tu d y
2 . hypo th eses  — th e  h y p o th eses  being t e s t e d  i n  t h e  s tu d y
3 . d a t a ,  f a c t s ,  o r  e m p i r ic a l  o b s e rv a t io n s  — lo w e r - l e v e l  
hyp o th eses  tak en  to  be t r u e  in  o rd e r  t o  t e s t  t h e  
h y p o th eses  in  th e  s tu d y
The fo c u s  can and shou ld  be moved up o r  down, so  t h a t  what 
i s  assumed in  one p a r t  o f  a s tu d y  i s  t e s t e d  in  a n o th e r ,  so 
t h a t  h y p o th eses  s e rv e  som etim es a s  " f a c t s "  t o  t e s t
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h i g h e r - l e v e l  o r  more g e n e ra l  h y p o theses  and o th e r  t im e s  a s  
h y p o th eses  th em se lv e s  t o  be t e s t e d  by even l c w e r - l e v e i  
h y p o th e s e s ,  At any l e v e l ,  a h y p o th e s is  must p r e d i c t  
c e r t a i n  e m p i r ic a l  co n sequ ences , which can be ‘observed* to  
be ' t r u e *  o r  ' f a l s e * — t h a t  i s ,  abou t which l o w e r - l e v e l  
h y p o th eses  can be made.
Naive m e th o d o lo g ic a l  f a l s i f i c a t i o n i s m  h o ld s  t h a t  a 
h y p o th e s is  can be r e f u t e d  by c o n t r a d i c t i o n s  between th e  
p r e d ic te d  e m p i r ic a l  consequences o f  t h e  h y p o th e s is  and th e  
a c t u a l  o b s e r v a t io n s .  However, s i n c e  c o n t r a d i c t i o n s  to  
a lm o s t  a l l  hy p o th eses  a r e  known, o f te n  from th e  moment o f 
a d o p tio n  o f  a h y p o th e s is ,  i t  would n o t  a p p e a r  p ro d u c t iv e  
t o  sim ply  d i s c a r d  a l l  o th e rw is e  u s e f u l  h y p o th eses  w itho u t 
b e t t e r  a l t e r n a t i v e s .  And i t  i s  d i f f i c u l t  t o  e s t a b l i s h  an 
a r b i t r a r y  d e c i s io n  p ro ce d u re  t o  d e te rm ine  when 
c o n t r a d ic to r y  o b s e rv a t io n s  a re  s u f f i c i e n t  f o r  r e f u t a t i o n .  
S o p h i s t i c a te d  m e th o d o lo g ic a l  f a l s i f i c a t i o n i s m  p ro v id e s  th e  
answ er: c o n t r a d ic t o r y  e m p ir ic a l  o b s e r v a t io n s  a l o n e ,  even
when w e l l  c o r r o b o r a te d ,  a re  never  s u f f i c i e n t  to  r e f u t e  a 
h y p o th e s is .  I n s t e a d ,  a h y p o th e s is  i s  c o n s id e re d  r e f u te d  
when i t  can be r e p la c e d  by a b e t t e r  one— when i t  can  be 
re p la c e d  by a h y p o th e s is  t h a t  e x p la in s  more about t h e  
w o r ld ,  one t h a t  e x p la in s  e v e ry th in g  t h e  o ld  h y p o th e s is  
e x p la in e d  p lu s  some o f  th e  e m p i r ic a l  o b s e r v a t io n s  t h a t  
were anomalous under t h e  o ld  h y p o th e s is .  T h is  d i f f e r e n c e  
in  r e f u t a t i o n —by accum ulated  'e m p i r i c a l  o b se rv a t io n *  o r
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by more s u c c e s s f u l  h y p o th e s i s —i s  t h e  p rim ary  d i f f e r e n c e  
between n a iv e  and s o p h i s t i c a t e d  f a l s i f i c a t i o n i s m .
These p h i lo s o p h ie s  and t h e i r  r a m i f i c a t i o n s  a r e  
d is c u s s e d  in  much more d e t a i l  by L akatos (1970) and 
r e f e r e n c e s  c i t e d  t h e r e i n .  L et u s  m ere ly  summarize here 
t h e  p o in t s  t h a t  w i l l  be most im p o r ta n t  in  t h e  fo l lo w in g  
d i s c u s s io n s  o f  c l a d i s t i c  a n a l y s i s  and c h a r a c t e r  a n a l y s i s :
"C o n tra ry  to  n a iv e  f a l s i f i c a t i o n i s m ,  no e x p er im en t ,  
e x p e r im e n ta l  r e p o r t ,  o b s e rv a t io n  s ta te m e n t  o r  
w e l l - c o r ro b o r a te d  lo w - le v e l  f a l s i f y i n g  h y p o th e s is  a lo n e  
can le a d  t o  f a l s i f i c a t i o n .  There  i s  no f a l s i f i c a t i o n  
b e fo re  t h e  emergence of a b e t t e r  t h e o r y . "  (L ak a to s ,  1970: 
119, em phasis o m i t t e d ) ,  " . . . f a l s i f i c a t i o n  i s  no t  sim ply  a 
r e l a t i o n  between a th e o ry  and th e  e m p i r ic a l  b a s i s ,  bu t a 
m u l t ip le  r e l a t i o n  between competing t h e o r i e s ,  t h e  o r i g i n a l  
• e m p i r ic a l  b a s i s * ,  and t h e  e m p i r ic a l  growth r e s u l t i n g  from 
t h e  c o m p e t i t io n ."  (L ak a to s ,  1970: 1 2 0 ) .
Adherence to  s o p h i s t i c a t e d  f a l s i f i c a t i o n i s m  i s  
r e f l e c t e d  in  th e  usage  o f  " r e f u t a t i o n "  and " c o n t r a d i c t i o n ” 
s t a t e d  e a r l i e r :  e m p i r ic a l  o b s e r v a t io n s  may c o n t r a d i c t  a
h y p o th e s i s ,  b u t  we c o n s id e r  t h a t  h y p o th e s is  r e f u te d  only 
by th e  a c c e p ta n c e  of a s c i e n t i f i c a l l y  b e t t e r  one . The 
c r i t e r i a  f o r  th e  b e t t e r  h y p o th e s is  a r e :  1) t h a t  i t  must
p r e d i c t  o r  e x p la in  p r e v io u s ly  u n e x p la in e d  f a c t s  (excess  
e m p i r ic a l  c o n t e n t ) ,  2) t h a t  i t  e x p la in s  a l l  th e  u n re fu te d  
c o n te n t  o f  th e  p re v io u s  h y p o th e s i s ,  and 3) t h a t  some of
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t h e  e x c e s s  e m p ir ic a l  c o n te n t  o f t h e  new h y p o th e s is  be 
c o r r o b o r a te d .  (Lakatos 1970: 1 1 6 ) .
An a u x i l i a r y  h y p o th e s is ,  a c la u s e  added to  a 
h y p o th e s is  t o  accommodate a n o m a lie s ,  may be s c i e n t i f i c  and 
p ro g r e s s iv e  ( i f  i t  p r e d i c t s  consequences in  a d d i t io n  to  
th e  anomaly i t  was des ig n ed  t o  e x p l a i n ) , o r  an a u x i l i a r y  
h y p o th e s is  may be a n o n - s c i e n t i f i c  ad hoc h y p o th e s is  
(w ithou t e x c e s s  e m p i r ic a l  c o n t e n t ) . The f i r s t ,  th e  
p r o g r e s s iv e  a u x i l i a r y  h y p o th e se s ,  add to  t h e  in fo rm a tio n  
c o n te n t  o f  th e  h y p o th e s is ,  whereas t h e  se c o n d ,  th e  ad hoc 
h y p o th e s e s ,  m ere ly  d e c re a se  th e  parsimony o f  th e  main 
h y p o th e s is  w ith o u t c o n t r i b u t i n g  t o  i t s  s c i e n t i f i c  
( t e s t a b l e )  c o n te n t .
P h y lo g e n e t ic  A n a ly s i s . —The term " p h y lo c e n e t ic  
a n a ly s is '*  i s  used h e re  i n  a broad s e n s e ,  com prising  
c h a r a c t e r  a n a l y s i s ,  c l a d i s t i c  a n a l y s i s ,  and 
m ac ro ev o lu t io n a ry  a n a ly s e s ,  th u s  c o v e r in g  s e v e r a l  
h i e r a r c h i c a l  l e v e l s  o f  h y p o th e s e s .  For example.- a well 
c o r ro b o ra te d  phylogeny may be used  as a "fact** in  th e  
g e n e r a t io n  o r  t e s t i n g  of some h i g h e r - l e v e l  h y p o th e s is ,  
such a s  th e  b io g e o g ra p h ic a l  a f f i n i t i e s  o f  a reg ion  o r  a 
m ac ro ev o lu t io n a ry  h y p o th e s is .  And, a l th o u g h  c h a r a c t e r  
a n a l y s i s  p ro per  has been g e n e r a l l y  o v e r lo o k e d ,  t h e r e  has 
been a g e n e ra l  r e c o g n i t io n  t h a t . t h e  c h a r a c t e r  
d i s t r i b u t i o n s  used t o  t e s t  p h y lo g en ie s  a r e  th em se lves  
lo w e r - l e v e l  h y p o th eses  and can be t r u e  (homology) o r  f a l s e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 35
(homoplasy o r  c o n v e rg e n c e ) . For th e  problem a t  hand , t h a t  
o f  th e  p h y lo g e n e t ic  r e l a t i o n s h i p s  im p lied  by n im ravid  
b a s i c r a n i a l  anatomy, both  c h a r a c t e r  a n a l y s i s  and c l a d i s t i c  
a n a l y s i s  w i l l  be employed.
C h a ra c te r  a n a l y s i s  i s  th e  c o n s t r u c t io n  and t e s t i n g  o f  
c h a r a c t e r  d i s t r i b u t i o n s — h y p o th eses  o f 
homology—i n d i v i d u a l l y ,  p r i o r  to  any h y p o th e s is  o f 
p h y lo g en y . Thus, p u t  in  th e  c o n te x t  o f  th e  th r e e  l e v e l s  
in  s c i e n t i f i c  s t u d i e s  summarized above, th e  main 
h y p o th eses  be ing  t e s t e d  a re  th o s e  o f  c h a r a c t e r  
i d e n t i f i c a t i o n s  and hom olog ies , and th e  e m p ir ic a l  
o b s e r v a t io n s  ( lo w e r - le v e l  h y p o th e s e s ) , upon which th e s e  
main h y p o th eses  a re  b a se d ,  a re  th e  observed  to p o lo g ic a l  
r e l a t i o n s h i p s  among s t r u c t u r e s ,  th e  form and d e t a i l e d  
c o n s t r u c t io n  o f  s t r u c t u r e s ,  t h e  ontogeny o f  s t r u c t u r e s ,  
and th e  f u n c t io n a l  (m echanical) a c t i o n s  o f  s t r u c t u r e s .  
C h a ra c te r  a n a ly s i s  i s  d is c u s se d  in  much more d e t a i l  below.
P re v io u s  d is c u s s io n s  o f  " p h y lo g e n e t ic  a n a ly s i s "  
u s u a l ly  c o n s id e re d  c l a d i s t i c  a n a l y s i s  p r im a r i ly  i f  no t 
e x c l u s i v e l y .  In c l a d i s t i c  a n a l y s i s ,  h y p o theses  o f  th e  
seguence  o f  p h y lo g e n e t ic  r e l a t i o n s h i p s  among some ta x a  
( r e l a t i v e  recency  of common a n c e s t r y )  a r e  c o n s t r u c te d  and 
t e s t e d .  A h y p o th e s is  o f p h y lo g e n e t ic  r e l a t i o n s h i p  i s  
c o n s t r u c te d  from an i n i t i a l  s e t  o f  c h a r a c t e r  d i s t r i b u t i o n s  
and i s  t e s t e d  by th e  concordance  of a d d i t i o n a l  c h a r a c te r  
d i s t r i b u t i o n s  with t h e  phy lcg en y . The b a s ic  s t r u c t u r e  o f
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t h e  hy p o th eses  i n  c l a d i s t i c  a n a l y s i s  i s  a t h r e e - t a x o n  
problem : g iven  th r e e  t a x a ,  which two a re  more c lo s e ly
r e l a t e d  t o  each o th e r  than  e i t h e r  i s  t o  t h e  t h i r d ?  
(Follow ing  C a r tm i l l  (1981) w ith  s l i g h t  m o d i f i c a t io n s ,  
p h y lo g e n e t ic  hy p o th eses  w i l l  be summarized u s in g  
p a r e n th e s e s :  th e  h y p o th e s is  "((AE)C)" i s  t h a t  ta x a  A and
B a re  more c lo s e ly  r e l a t e d  t o  each  o th e r  th a n  e i t h e r  i s  t o  
taxon  C.) C l a d i s t i c  a n a ly s i s  p ro v id e s  a t e s t  o f  c h a r a c t e r  
d i s t r i b u t i o n s  in  t h a t  c h a r a c t e r s  t h a t  c o n t r a d i c t  an 
u n re fu te d  h y p o th e s is  o f phylogeny a re  th em se lves  
c o n s id e re d  r e f u t e d :  they  a re  ano m alie s  and a re  e x p la in e d
by ad hoc hy po theses  o f  convergence  o r  r e v e r s a l .
In  t h i s  d i s c u s s i o n ,  I  am u s in g  t h e  term  " c h a ra c te r "  
in  a s t r i c t  s e n s e :  a c h a r a c t e r  i s  a com plete  s e t  o f
homologous f e a t u r e s .  This i s  e q u iv a le n t  th e n  t o  "shared  
d e r iv e d  c h a r a c t e r "  o r  "synapomorphy". " P r im i t iv e  
c h a r a c t e r "  i s  a misnomer, because  what i s  meant by i t  i s  
on ly  a p a r t i c u l a r  s t a t e  o r e x p re s s io n  o f  a c h a r a c t e r ,  p a r t  
o f  a c h a r a c t e r  and n o t  an e n t i r e  c h a r a c t e r .  For exam ple, 
i f  v e r t e b r a t e  tax a  A and B have s c a l e s ,  and taxon C has 
f e a t h e r s ,  i t  i s  i l l o g i c a l  t c  t a l k  o f  a c h a r a c t e r  " s c a l e s "  
in  A and B v e rs u s  th e  c h a r a c te r  " f e a t h e r s "  i n  C i f  th e  two 
f e a t u r e s  a r e  c o n s id e re d  homologous a t  some l e v e l — t h a t  i s ,  
i f  f e a t h e r s  a r e  c o n s id e re d  m od if ied  s c a l e s .  I t  i s  t ru e  
t h a t  t h e  p resen ce  of s c a l e s  does n o t  e v id e n ce  ((AB)C), b u t  
n o t  becau se  " th e  p re sen c e  o f  s c a l e s  i s  a p r im i t iv e
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c h a r a c t e r ” bu t  r a t h e r  because  t h e  c h a r a c t e r  ’' s c a l e s ” 
c h a r a c t e r i z e s  (ABC), i . e .  has a h ig h e r  l e v e l  o f  
d i s t r i b u t i o n  th a n  j u s t  a group (AB) : " f e a t h e r s ” i s  a
s p e c i a l  c a se  o f  th e  more g e n e ra l  c h a r a c t e r  " s c a l e s " .
D eterm in ing  such c h a r a c t e r  d i s t r i b u t i o n s  i s  a problem 
o f  c h a r a c t e r  a n a l y s i s ;  t h e  ’f a c t*  t h a t  f e a t h e r s  a r e  
m odified  s c a l e s  i s  a h y p o th e s is  t o  be t e s t e d  in  c h a r a c t e r  
a n a l y s i s .  For t h i s  r e a s o n ,  i t  i s  u s e f u l  t o  speak o f  
char a c t e r  s t a t e s , in  t h i s  case  t h e  s t a t e s  " s c a l e s ” and 
" f e a t h e r s ” .  C h a ra c te r  s t a t e s  do no t alw ays have 
o n t o lo g i c a l  r e a l i t y ,  bu t do have a h e u r i s t i c  v a lu e  and a 
p r a c t i c a l  u se  in  th e  a n a ly s i s  of h y p o th eses  about 
c h a r a c t e r s .  In  our exam ple , th e  c h a r a c t e r  h y p o th e s is  
would be t h a t  " f e a t h e r s ” and " s c a l e s ” a r e  s t a t e s  o f  the  
same c h a r a c t e r ,  and t h a t  t h a t  c h a r a c t e r  i s  " s c a l e s ” , i . e .  
t h a t  " s c a l e s "  as a c h a r a c t e r  com p rises  t h e  p r i m i t i v e  s t a t e  
" s c a l e s "  ( i . e .  unm odified  s c a le s )  and th e  d e r iv e d  s t a t e  o f  
" s c a l e s "  c a l l e d  " f e a t h e r s " .  T h is  u s a g e ,  w hile  no t 
p a r t i c u l a r l y  n e c e s s a ry  t o  c l a d i s t i c  a n a l y s i s  as t y p i c a l l y  
perform ed t o  d a te ,  i s  fundam enta l t o  my s tu d y  because  
c h a r a c t e r  a n a l y s i s ,  which has a predom inant r o l e  h e r e ,  
r e q u i r e s  such a r ig o ro u s  e x p l i c i t n e s s  o f  la n g u a g e .
Some c o n fu s io n  has a r i s e n  in  t h e  p a s t  from a c a r e l e s s  
u se  o f t h e  con cep t o f  c h a r a c t e r  s t a t e .  Two ex trem ely  
im p o r ta n t  p o in t s  must be k e p t  f i rm ly  in  m ind. F i r s t ,  
d u r in g  c h a r a c t e r  a n a l y s i s  one may n o t  know which c h a r a c t e r
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s t a t e s  a r e  r e a l  ( i . e .  e q u a l  t o  c h a r a c t e r s )  and which a re  
f rag m e n ts  o f  a c h a r a c t e r ,  because  bo th  c o n d i t io n s  could  be 
e n c o u n te re d .  That i s ,  h y p o th e se s  o f  homology may n o t  be 
formed y e t ,  o r  t h e  c h a r a c t e r  s t a t e  t r e e  (= t r a n s fo rm a t io n  
s e r i e s )  may n o t  be worked o u t  y e t .  Thus t h e  d i s t i n c t i o n  
between c h a r a c t e r s  and c h a r a c t e r  s t a t e s  i s  im p o r ta n t :  t h e
t e n t a t i v e  s t a t u s  o f  c h a r a c t e r  s t a t e s  must be kep t i n  mind. 
Second, t h e  absence  o f  a f e a t u r e  i s  commonly s a id  t o  be a 
c h a r a c t e r  s t a t e  ( in  c o n t r a s t  t o  th e  f e a t u r e ’ s p r e s e n c e ) ,  
p a r t i c u l a r l y  i n  cod ing  f o r  a n u m erica l  a n a l y s i s ,  b u t  in  
f a c t  "absen ce” i s  a u n iv e r s a l  c h a r a c t e r  s t a t e ,  be ing  
p o ssesse d  by every  organism  in  a t  l e a s t  th e  e a r ly  s ta g e s  
o f  o n tog en y , and t h e r e f o r e ,  by a g e n e r a l i t y  c r  o u t-g roup  
c r i t e r i o n ,  always th e  p r im i t iv e  s t a t e .  "Absence” can 
n ev e r  be a c h a r a c t e r ,  a lth o u g h  o f  c o u rse  " l o s s "  can be.
C l a d i s t i c  A na ly s is
The s p e c i f i c  m echanics o f  c l a d i s t i c  a n a l y s i s  a s  
t y p i c a l l y  performed have been summarized in  Gaffney 
(1979), Eld red ge and C r a c r a f t  (1980) and Wiley (1981), and 
w i l l  n o t  be re p e a te d  h e re .  For an ex tended  e x p lo r a t io n  o f  
t h e  v a r io u s  nuances o f  b ran ch ing  d iag ram s, se e  Nelson and 
P la tn i c k  (1981). Most o f  th e s e  r e f e r e n c e s  a l s o  cover w e ll  
t h e  e x te n s io n  c f  c l a d i s t i c  a n a l y s i s  t o  h ig h e r  l e v e l  
h y p o th eses  such a s  e v o lu t io n a r y  h y p o th eses  o r  
b io g eo g rap h y . However, I  c o n s id e r  them v a r io u s ly
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in co m p le te  in  t h e i r  d e s c r i p t i o n  o f  c h a r a c t e r  a n a l y s i s — th e  
d e r i v a t i o n  and i n t e r p r e t a t i o n  o f  da ta  used t o  c o n s t r u c t  
and t e s t  c l a d i s t i c  h y p o th e se s ;  t h i s  p o r t io n  of 
p h y lo g e n e t ic  a n a l y s i s  i s  d i s c u s s e d  in  d e t a i l  below. The 
p r e s e n t  s tu d y  a l s o  d i f f e r s  from th e s e  p r e s e n ta t i o n s  o f  
c l a d i s t i c  a n a l y s i s  in  t h a t  th e s e  p rev io u s  d i s c u s s io n s  d id  
n o t  in c o r p o r a te  th e  p r e c i s e  u sage  d e sc r ib e d  above o f  
• 'c h a r a c te r  s t a t e ” and " c h a r a c t e r ” , and a l l  d e sc r ib e d  a 
p h i lo so p h y  t h a t  may be i d e n t i f i e d  with t h a t  termed na ive  
m e th o d o lo g ica l  f a l s i f i c a t i o n i s m  by L akatos (1970) .
Assumpti o n s . —Any s tu d y  in  which a h y p o th e s is  i s  
c o n s t ru c te d  and e v a lu a te d  r e q u i r e s  t h a t  some body o f  
r e l e v a n t  knowledge be t r e a t e d  as. "unp rob lem atic  background 
knowledge” (Lakatos 1970: 1 0 6 f f » ) .  T h e re fo re  a s s e r t i o n s  
t h a t  c l a d i s t i c  a n a l y s i s  r e q u i r e s  no a ssu m p tio n s ,  o r  only 
two a ssu m p tio n s ,  and so f o r t h ,  a r e  c l e a r l y  i n  e r r o r .  I t  
may be t r u e  t h a t ,  i f  th e  h i e r a r c h y  of g roups produced by 
c l a d i s t i c  a n a l y s i s  i s  n o t  i n t e r p r e t e d  as a phy logeny , th e n  
th e  assum ption  t h a t  e v o lu t io n  o c cu rred  and produced th e  
h ie r a r c h y  o f  g roups t h a t  we a r e  d is c o v e r in g  i s  indeed  n o t  
made. But even in  a n o n -e v o lu t io n a ry  c o n te x t ,  u n le s s  th e  
p h i lo so p h y  of th e  c l a d i s t  a d v o ca te s  some s o r t  of in d u c t iv e  
m ethodology, t h e r e  must be an assum ption  t h a t  a h ie r a r c h y  
e x i s t s  in  n a tu r e  and t h a t  th e  c h a r a c t e r  d i s t r i b u t i o n s  used 
in  c l a d i s t i c  a n a l y s i s  have some s o r t  o f  n e ce ssa ry  
r e l a t i o n s h i p  t o  th e  h i e r a r c h y .
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G affney (1979) l i s t s  two assu m ptions  made when the 
h ie ra rc h y  i s  i n t e r p r e t e d  a s  phylogeny; th e s e  a re  m odified  
h e re  a s :
1) The ta x a  i n  th e  s e t  under s tu d y  a l l  s h a r e  a common 
a n c e s t o r ,  from which t h e s e  t a x a  have descended .
2) T h is  genealogy h a s  been accompanied by h e r i t a b l e  
changes in  t h e  morphology o f  th e  o rg an ism s .
These a re  n o t  t h e  o n ly  a s su m p tio n s ,  however: many
a ssu m p tio n s  e x i s t ,  b u t  an e x h a u s t iv e  l i s t  o f  assum ptions 
f o r  any s tu d y  would be d i f f i c u l t  i f  n o t  im p o ss ib le  to  
c o m p ile .  Much background knowledge i s  seldom q u e s t io n e d ;  
exam ples i n  t h i s  c a se  might be th e  assum ption  o f  t h e  
r e a l i t y  and r e c o g n i z a b i l i t y  o f  t h e  ta x a  in  t h e  s tu d y ,  t h e  
a ssum ption  t h a t  c h a r a c t e r s  a r e  s t a b l e  enough to  g e n e r a l i z e  
from a sample t o  an e n t i r e  t a x o n ,  and so f o r t h .  A th i r d  
a ssum p tion  g e n e r a l ly  made ( e . g . ,  Simpson, 19 61, a lth o u g h  
odd ly  i n t e r p r e t e d  th e r e in )  shou ld  be s t a t e d  d i s t i n c t l y  
h e re  because  l a t e r  argum ent w i l l  be based  upon i t :
3) The e v o lu t io n  of l i f e  on e a r t h  has proceeded in  
g e n e ra l  from s im p le  t o  complex by th e  a d d i t i o n  and 
e la b o r a t i o n  o f  f e a t u r e s ,  and from i n i t i a l l y  low 
d i v e r s i t y  to  h igh  c u m u la t iv e  d i v e r s i t y .
One o th e r  assum ption  i s  coming under in c r e a s in g  
q u e s t io n  and might t h e r e f o r e  a l s o  be p r o f i t a b l y  added to  
o u r  fo rm al l i s t :
4) Homologies a r e  r e c o g n iz a b le  a s  such o f t e n  enough to
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e n a b le  th e  d e c ip h e r in g  of phylogeny from th e  " n o is e "  
o f  convergence  and r e v e r s a l s .
T h is  l a s t  assum ption  i s  a s p e c i f i c  v e r s io n  o f  a v e ry  
common a ssu m p tio n —t h a t  our o b s e r v a t io n s  a r e  what we th in k  
th e y  a r e  o f te n  enough t h a t  our c o n c lu s io n s  a r e  r i g h t  more 
o f t e n  th a n  n o t ,  i . e .  t h a t  our m is ta k e s  a r e  n o t  so f r e q u e n t  
t h a t  th e y  n e g a te  p r o g r e s s .  T h is  s o r t  o f assum ption  i s  
u s u a l ly  so  b a s i c  t h a t  i t  i s  no t  s t a t e d .  However, i n  
p h y lo g e n e t ic  r e c o n s t r u c t i o n  i t  i s  b e in g  in c r e a s in g l y  
c a l l e d  i n t o  q u e s t io n  in  re sp o n se  to  t h e  r e s i s t a n c e  o f  some 
p h y lo g e n e t ic  problem s to  s o l u t i o n s .
S t r u c tu r e  o f  th e  A n a ly s i s . —Given th e s e  a ssu m p tio n s ,  
t h e  b a s i c  form o f  th e  h y p o th e s is  under t e s t  in  c l a d i s t i c  
a n a l y s i s  i s  t h e  th r e e - t a x o n  s t a te m e n t ,  o f  th e  form 
((AB)C), and th e  p r e d i c t i o n s  i t  makes a re  t h a t  c h a r a c t e r s  
w i l l  be found w ith  th e  d i s t r i b u t i o n s  (AB) and (ABC), and 
more s i g n i f i c a n t l y ,  no c h a r a c t e r s  w i l l  be found w ith  th e  
d i s t r i b u t i o n s  (AC) o r  (BC). ( I t  i s  im p o r ta n t  t o  remember 
t h e  s t r i c t  u se  o f  th e  term " c h a r a c t e r "  in  t h i s  a n a l y s i s ,  
d e s c r ib e d  abo ve .)  C o n t r a d ic to r y  o b s e r v a t io n s ,  c h a r a c t e r s  
a p p a r e n t ly  d i s t r i b u t e d  (AC) o r  (BC), a r e  co n s id e re d  
a n o m a lie s ,  and e x p la in e d  by th e  ad hoc h y p o th e s is  o f  
convergence  ( i . e .  i n t e r p r e t e d  a s  two c h a r a c t e r s  w ith  
d i s t r i b u t i o n s  (A) and (C), o r  (B) and (C)) o r  r e v e r s a l  
( i . e .  i n t e r p r e t e d  as two c h a r a c t e r s ,  t h e  f i r s t  d i s t r i b u t e d  
(ABC) and t h e  second , th e  l o s s  o f th e  f i r s t  f e a t u r e .
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d i s t r i b u t e d  (B) or (C ) ) .  C o n t r a d ic to ry  o b s e r v a t io n s  a re  
t r e a t e d  i n  t h i s  fa s h io n  u n t i l  a s u f f i c i e n t  number o f  them 
r e s u l t  i n  th e  h y p o th e s is  (A (BC)) c r  ( (AC) B) having mere 
c o n te n t  (and r e q u i r i n g  few er ad hoc h y p o th eses )  and 
t h e r e f o r e  becoming t h e  p r e f e r r e d  h y p o th e s is .
C r i t i c i s m s  o f  c l a d i s t i c  a n a l y s i s  have n e t ,  t o  my 
knowledge, been d i r e c t e d  a g a i n s t  the  methodology as  
o u t l i n e d  h e re ,  b u t  i n s t e a d  have been based e i t h e r  on an 
i m p l i c i t  d isag reem en t w ith  th e  u n d e r ly in g  s c i e n t i f i c  
m ethodology o r  on a m isu n d e rs ta n d in g  o f  th e  b a s ic  
s t r u c t u r e  o f  c l a d i s t i c  a n a l y s i s .  For exam ple , a lth o u g h  
C a r tm i l l  (1981) s t a t e s  t h a t  he h as  a ccep ted  fo r  t h e  
p u rp o se s  o f d i s c u s s io n  th e  m eth odo log ica l  f a l s i f i c a t i o n i s m  
espousea"“D^~most c l a d i s t s ,  h i s  i n i t i a l  argument 
c o n t r a d i c t s  th e  t e n e t s  o f  even n a iv e  f a l s i f i c a t i o n i s m .  He 
makes th e  a s s e r t i o n s  (p .  7 6 ) ,  f o r  exam ple, t h a t  s i n g l e  
u n c o rro b o ra te d  o b s e r v a t io n s  ( s in g l e  c o n t r a d ic to r y  
c h a r a c t e r  d i s t r i b u t i o n s )  f a l s i f y  hypo theses o f 
r e l a t i o n s h i p .  F u r th e rm o re ,  h i s  d i s c u s s io n  im p l ie s  an 
a b s o l u te  f a l s i f i c a t i o n ,  coming c l o s e s t  to  what L ak a tc s  
(1970) te rm s  "dogm atic  f a l s i f i c a t i o n i s m " .
C a rtm ill® s  subsequ en t argum ents have some a d d i t i o n a l  
problem s t h a t  a l s o  a p p e a r  t o  be ro o te d  in  a very  d i f f e r e n t  
view o f  s c i e n t i f i c  m ethodology . D iscu ss io n  h e re  may he lp  
em phasize  th e  s i g n i f i c a n c e  of a c l e a r  p h i lo s o p h ic a l  
c o n te x t  f o r  o u r  p h y lo g e n e t ic  m ethodology. For exam ple, in
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c l a d i s t i c  a n a l y s i s  an assum ption  c f  t h e  n o n se n s ic a l  
co n cep t o f  " o n to lo g ic a l  parsim ony" (C r is c i* s  (1982) term) 
in  e v o lu t io n a ry  h i s t o r y  i s  n o t  r e q u i r e d  to  s tu d y  
p h y lo g e n e t ic  r e l a t i o n s h i p s  ( " th e  c la im  t h a t  e v o lu t io n  has 
a lw ays o p e ra te d  in  t h e  most econom ical way p o s s ib le  to  
produce  th e  observed p h e n e t ic  d i f f e r e n c e s  among 
o rg a n is m s ."  (C a r tm il l  1981: 78 , o r i g i n a l  e m p h a s is ) . )  Even 
f o r  C a r tm i l l* s  r e s t a t e m e n t  of th e  h y p o th e s is  under study 
(p .  7 8 ) ,  a l l  t h a t  i s  needed i s  some form o f  th e  t h i r d  
assum ption  l i s t e d  above—t h a t  no m a t te r  where th e  p a th  of 
e v o lu t io n a r y  h i s t o r y  has w andered, we w i l l  be  a b le  to  
fo l lo w  i t  by re c o g n iz in g  hom ologies c o r r e c t l y  more o f te n  
th a n  n o t .
C a r t m i l l ' s  q u e s t io n  "How many c h a r a c t e r s  o f  o u r  tax a  
must we examine b e fo re  we can c la im  t h a t  a g iv en  3 - tax o n  
h y p o th e s is  has been f a l s i f i e d ? "  i s  a ve ry  good o n e ,  and 
em phasizes  one o f  t h e  problem s w ith  th e  s ta te m e n t  o f  
f a l s i f i c a t i o n i s m  made in  th e  c l a d i s t i c  l i t e r a t u r e  t o  d a t e :  
n a iv e  m eth odo log ica l f a l s i f i c a t i o n i s m  does r e q u i r e  some 
s o r t  o f  d e c is io n  p ro ce d u re  t o  dem arcate  anomalous 
o b s e r v a t io n s  from r e f u t i n g  o b s e r v a t io n s .  The d i f f i c u l t y  
and a r b i t r a r i n e s s  of t h i s  p ro ced u re  i s  one o f  th e  
s t r o n g e s t  argum ents f o r  s o p h i s t i c a t e d  m e th o d c lo g ica l  
f a l s i f i c a t i o n i s m  (which i s  what i s  a c t u a l l y  employed in  
most c l a d i s t i c  a n a ly s e s ,  even i f  th e  c l a d i s t s  do n o t  say  
so e x p l i c i t l y ) . Under t h i s  p h i lo s o p h y ,  C a r tm i l l* s
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q u e s t io n  would be answered th u s :  "No number of
o b s e r v a t io n s  can r e f u t e  a h y p o th e s is .  A h y p o th e s is  can 
on ly  be r e f u te d  by a b e t t e r  h y p o t h e s i s . ” (See p .  32 
ab ove .)
C l a d i s t i c  a n a l y s i s  i s  u s u a l ly  s a id  t o  in c lu d e  th e  
p ro ced u re  o f  " o u t-g ro u p  com parison"—th e  d e te rm in a t io n  o f  
p r i m i t iv e  v e rsu s  d e r iv e d  c h a r a c t e r  s t a t e s  ( th e  " p o l a r i t y "  
o f  th e  " c h a r a c t e r " ,  o r  b e t t e r ,  o f  th e  s e t  o f homologous 
c h a r a c t e r  s t a t e s )  by comparison w ith  ta x a  o u t s id e  th e  
m onophyle tic  group o f  tax a  under a n a l y s i s .  The c h a r a c t e r  
s t a t e  t h a t  o ccu rs  o u t s id e  th e  group under s tu d y  i s  the  
more g e n e ra l  one and th e r e f o r e  h y p o th es iz ed  to  be 
p r i m i t i v e  r e l a t i v e  t o  any s t a t e  (s) o c c u r r in g  only  w ith in  
t h e  g ro u p . Simpson c o n s id e re d  t h i s  p ro ce d u re  t o  be a 
s t r o n g  so u rc e  of e v id e n ce  f o r  p o l a r i t y  b u t  seemed unaware 
t h a t  a pr i o r i  knowledge of th e  phylogeny i s  c l e a r l y  
im p l ie d :  "Perhaps  t h e  most c o n c lu s iv e  ev id en ce  as  to
p r im i t iv e  (and hence a n c e s t r a l )  c h a r a c t e r s  i s  p rov ided  
when one c o n d i t io n  in  a group o r  cne end of a sequence  has 
a homologue in  a n o th e r  group of mere r e mo te  common 
a n c e s t r y . "  (Simpson, 1961: 102, emphasis added .)
O ut-group  comparison i s  c o n s id e re d  p a r t  o f  th e  b a s ic  
s t r u c t u r e  o f  c l a d i s t i c  a n a l y s i s :  fo r  exam ple , Wiley
(1981: 110) s t a t e s  t h a t  th e  b a s ic  system i s  th r e e - ta x o n  
t r e e s  and th e  o u t - g r o u p . D e te rm in a tio n  o f  p o l a r i t y  by 
o u t-g ro u p  comparison f o r  each c h a r a c t e r  i s  u s u a l ly  what i s
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meant by " c h a r a c t e r  a n a l y s i s "  i n  c l a d i s t i c  d i s c u s s io n s *
In  c o n t r a s t  t o  t h e  u s u a l  t r e a tm e n t  o f o u t -g ro u p  
com parison , I  w i l l  d i s t i n g u i s h  two k in d s  o f  o u t-g ro u p  
com parison , both  o f  which a r e  s t e p s  i n  d i f f e r e n t  forms o f  
c l a d i s t i c  a n a l y s i s .  These two k ind s  a re  r e s p e c t i v e l y :  1)
d e te rm in a t io n  of th e  r e l a t i v e  g e n e r a l i t y  o f  d i s t r i b u t i o n  
o f  c h a r a c t e r  s t a t e s  by exam ining a s e t  o f  t a x a  l a r g e r  th a n  
th e  m onophyletic  group w i th in  which p h y lo g e n e t ic  
r e l a t i o n s h i p s  a re  be ing  d e te rm in e d ,  and 2) t h e  r o o t in g  o f  
a network o f  r e l a t i o n s h i p s  among a s e t  o f  ta x a  by th e  
d e s ig n a t io n  o f  one tax on  a s  th e  o u t -g ro u p .  Although th e  
f i r s t  k ind  of o u t-g ro u p  com parison i s  o f t e n  c a l l e d  
" c h a r a c t e r  a n a l y s i s " ,  I  in c lu d e  i t  w i th in  c l a d i s t i c  
a n a l y s i s  because i t  r e q u i r e s ,  a s  does th e  second form o f  
o u t-g ro u p  com parison , a pr i o r j .  knowledge o f  a phy logeny , 
to  d ec id e  which taxa  a re  o u t -g ro u p s  and which a re  w i th in  
t h e  group under s tu d y .  I  r e s t r i c t  th e  term  " c h a r a c te r  
a n a l y s i s "  t o  i n d iv i d u a l  a n a ly s e s  of s e t s  o f  homologous 
c h a r a c t e r  s t a t e s  w ith o u t  any assum ption  of known 
p h y lo g e n e t ic  r e l a t i o n s h i p s .
To u n d e rs tan d  t h e  c lo s e  r e l a t i o n s h i p  between th e s e  
two forms o f  o u t-g ro u p  com parison and th e  p o s i t i o n  of each  
p ro ced u re  in  c l a d i s t i c  a n a ly s e s ,  we must f i r s t  be very  
c l e a r  about how th e  v a r io u s  components o f  a c l a d i s t i c  
h y p o th e s is  a r e  r e l a t e d  t o  th e  d a ta  from which th e  
h y p o th e s is  i s  d e r iv e d .  The two components o f  a c l a d i s t i c
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h y p o th e s is  a r e  t h e  to p o lo g y  o f  t h e  netw ork among t h e  t a x a ,  
and th e  p o s i t i o n  o f  t h e  r o o t  in  t h a t  netw ork t h a t  p roduces  
t h e  t r e e . (“Network" and " t r e e ” a re  used  h e r e ,  a s  in  most 
o f th e  s y s te m a t ic  l i t e r a t u r e ,  in  a sen se  o p p o s i te  t o  t h e i r  
meanings in  graph th e o r y . )  That th e s e  a r e  two s e p a r a t e  
components can be seen  by s tu d y in g  F ig u re s  8 and 9 .
Four d i f f e r e n t  ne tw orks  can be formed f o r  fo u r  taxa  
(F ig u re  8 ) .  From each  o f  th e s e  fo u r  n e tw o rk s ,  numerous 
t r e e s  can be form ed, each c o rre sp o n d in g  to  a d i f f e r e n t  
p lacem ent o f  th e  r o o t  o f  th e  t r e e  (F ig u re  9 ) .  T h is  i s  
s i g n i f i c a n t  because  a c o l l e c t i o n  cf c h a r a c t e r  s t a t e s ,  f o r  
which h y p o theses  o f  hcmology have been c o n s t r u c te d  
(producing  th e  i n c l u s i v e  s e t s  o f  homologous c h a r a c t e r  
s t a t e s  u s u a l ly  c a l l e d  c h a r a c t e r s )  bu t f o r  which h y p o th eses  
o f p o l a r i t y  have n o t  been c o n s t r u c te d  (which would produce 
th e  n e s te d  s e t s  o f in f o r m a t iv e  c h a r a c t e r s ) ,  w i l l  be bes t  
f i t t e d  by one n e tw ork . (We w i l l  ig n o re  t h e  c o m p lica tio n  
of t i e s  due t o  n o i s e  in  th e  d a ta  s e t ,  and th e  la c k  o f  an 
a lg o r i th m  to  produce  t h e  known s h o r t e s t  t r e e  o th e r  than by 
e x h a u s t iv e  s e a r c h — t h e  S t e in e r  t r e e  p ro b lem .)  An example 
i s  shown in  F ig u re  1 0 .  T h is  h y p o th e t i c a l  d a ta  s e t  i s  most 
p a rs im o n io u s ly  e x p la in e d  by th e  network shown. Thus th e  
c h o ic e  o f  t h i s  ne tw ork  o v e r  any o f  th e  o t h e r s  i s  based 
e n t i r e l y  on p h e n e t ic  s i m i l a r i t y ;  th e  p o l a r i t y  o f  t h e  
c h a r a c t e r s  ( i . e .  r e c o g n i t i o n  o f  c h a r a c t e r s  v e rsu s  
n o n - in fo rm a tiv e  c h a r a c t e r  s t a t e s )  i s  i r r e l e v a n t  t o  t h i s
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c h o ic e .  (This netw ork i s  c a l l e d  a Wagner network i n  th e  
n u m erica l  c l a d i s t i c  l i t e r a t u r e ,  e . g .  Kluge and F a r r i s ,  
1969 .)
A network f o r  a s e t  o f  t a x a  can be ro o te d  in  two 
ways, co rre sp o n d in g  t o  t h e  two a s p e c t s  o f  o u t-g ro u p  
com parison  m entioned e a r l i e r .  I f  one taxon  i s  d e s ig n a te d  
t h e  o u t -g ro u p ,  th e  r e s u l t a n t  t r e e  would be t h a t  one with 
t h e  o u t-g ro u p  p laced  as  th e  s i s t e r  group o f  a l l  t h e  r e s t  
(example I  in  F ig u re  1 1 ) .  T h is  i s  e q u iv a le n t  t o  
h y p o th e s iz in g  t h a t  t h e  c h a r a c t e r  s t a t e s  in  t h a t  tax o n  a r e  
a l l  p r i m i t i v e  r e l a t i v e  t o  t h o s e  in  th e  ta x a  under s tu d y .
A l t e r n a t i v e l y ,  t h e  network may be ro o te d  by a 
c h a r a c t e r - b y - c h a r a c t e r  a n a l y s i s ,  d e te rm in in g  th e  
c h a r a c t e r s  w ith in  each s e t  o f  homologous c h a r a c t e r  s t a t e s  
by exam ining th e  d i s t r i b u t i o n  o f  th e  c h a r a c t e r  s t a t e s  in  a 
• v a r ie ty  o f  a d d i t i o n a l  ta x a  t o  d e te rm in e  which s t a t e s  a re  
t h e  roost g e n e r a l ly  d i s t r i b u t e d  and th e r e f o r e  p r i m i t iv e .
The com bina tion  o f  t h e s e  p r i m i t iv e  c h a r a c t e r  s t a t e s  forms 
a "mock a n c e s t o r ” , an a r t i f i c i a l  taxon to  s e rv e  a s  the  
o u t -g r o u p .  (T his  a r t i f i c i a l  tax on  i s  c a l l e d  th e  
"m orphotype” by s e v e r a l  a u th o r s ,  but t h a t  te rm  has o th e r  
meanings and i s  avo ided  h e re  because  o f  i t s  a m b ig u ity .)
The r e s u l t  cou ld  be i n d i s t i n g u i s h a b l e  from example I  in  
F ig u re  11 i f  one taxon  happened to  have a l l  p r im i t iv e  
c h a r a c t e r  s t a t e s ,  o r  th e  r e a l  taxon  i n  th e  o u t-g ro u p  
p o s i t i o n  could now have some d e r iv e d  f e a t u r e s  r e l a t i v e  t o
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t h e  r e s t  o f  t h e  ta x a  (example I I ) . A f i n a l  p o s s i b i l i t y  
w ith  a c h a r a c t e r - b y - c h a r a c t e r  a n a l y s i s  o f  p o l a r i t y  i s  t h a t  
c o n f l i c t s  may a r i s e ,  even though th e  netw ork p e r f e c t l y  
f i t s  th e  d a ta  s e t .  Example I I I  i n  F ig u re  11 i l l u s t r a t e s  
t h i s  p o s s i b i l i t y .  Such c o n f l i c t s  a re  r e s o lv e d  e i t h e r  by 
ad hoc hy p o th eses  o f  convergence c r  r e v e r s a l  in  th e  
c h a r a c t e r  (s) (a r e f u t a t i o n  of some of th e  l o w e r - l e v e l  
hy p o th eses  of homology w i th in  th e  s e t s  o f  homologous 
c h a r a c t e r  s t a t e s )  o r  by r e v e r s in g  th e  presumed p o l a r i t y  o f  
t h e  in c o n g ru e n t  c h a r a c t e r  (s) (a r e f u t a t i o n  o f  the  
lo w e r - l e v e l  h y p o th e s is  o f  p o l a r i t y ) .
Both methods of r o o t in g  th e  t r e e  in v o lv e  d e s ig n a t in g  
ou t-g ro u p  t a x a ,  and t h e r e f o r e  r e q u i r e  an assum ption  of 
known phylogeny to  t h e  e x te n t  t h a t  th e  mcnophyly o f  th e  
group under s tu d y  i s  th o u g h t known, so  t h a t  o u t-g ro u p s  can 
be reco g n ized  a s  s u c h .  O ften a more d e t a i l e d  phylogeny i s  
assumed: chosen o u t -g ro u p s  may be s p e c i f i c a l l y  th o s e
th o u g h t  t o  be th e  s i s t e r  groups o f  th e  group under s tu d y .  
T h is  assum ption  i s  commonly made in  c l a d i s t i c  a n a l y s i s .
The assum ption  o f  a h i g h e r - l e v e l  phylogeny i s  no t 
r e q u i r e d  i f  one r e c o g n iz e s  t h a t  m eth o d o lo g ica l  parsimony 
r e g u i r e s  t h a t  we i n t e r p r e t e  th e  e v o lu t io n a r y  h i s t o r y  of 
l i f e  a s  hav ing  gone i n  g e n e ra l  from t h e  s im p le  (organism s 
w ith  few er c h a r a c t e r s )  t o  th e  complex (organ ism s w ith  more 
c h a r a c t e r s ) • T h is  i s  r e q u i r e d  by m e th o d o lo g ic a l  parsimony 
because  t h e  o p p o s i te  h y p o th e s is ,  complex to  s im p le .
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r e q u i r e s  a d d i t i o n a l  e x p la n a t io n s  fo r  t h e  o r i g i n  o f  th e  
complex o rgan ism s in  th e  f i r s t  p l a c e .  I t  must be 
em phasized t h a t  t h i s  assum ption  does n o t  f o r b id  neoteny o r  
t h e  l o s s  of f e a t u r e s  (a d e r iv e d  c h a r a c t e r  s t a t e ) ;  t h e  
assum ption  i s  o n ly  t h a t ,  on th e  whole, e v o lu t io n  h a s  been 
from s im p le  t o  complex more o f t e n  than  n o t .  I t  can then 
be seen t h a t  t h e  p o l a r i t y  o f  some f e a t u r e s  can be 
rec o g n ize d  w ith o u t  any form of s p e c i f i c  ou t-g ro u p  
com parison: a f e a t u r e  f o r  which no homologues can be
found in  any o th e r  tax o n  i s  a c h a r a c t e r  d e f in in g  t h e  group 
com pris ing  th o s e  ta x a  in  which th e  f e a t u r e  ( in c lu d in g  a l l  
m o d if ic a t io n s  th e r e o f )  i s  fcu n d .
N ovelty  and . r e s t r i c t e d  d i s t r i b u t i o n  c o n s t i t u t e  one o f  
th e  c r i t e r i a  f o r  d e te rm in in g  p o l a r i t y  in  c h a r a c t e r  
a n a l y s i s ,  d i s c u s s e d  f u r t h e r  in  t h a t  c o n te x t  beg inn ing  on 
p .  78 . R e-exam ination  o f  our e a r l i e r  example w i l l  
i l l u s t r a t e  th e  s i g n i f i c a n c e  of t h i s  c r i t e r i o n  f o r  o u r  
u n d e rs ta n d in g  of c l a d i s t i c  a n a l y s i s .  Upon r e c o n s id e r in g  
th e  d a ta  s e t  i n  f i g u r e  10, l e t  us say we f i n d  t h a t  th e  
open sq u a re  and c i r c l e s  sym bolized  th e  absence  of any 
f e a t u r e  homologous t o  t h a t  symbolized by th e  c lo se d  
s q u a re s  and c i r c l e s .  Absence o f  a f e a t u r e  can  no t be a 
c h a r a c t e r ;  t h e  d a ta  s e t  i s  b e t t e r  d e p ic te d  as  in  F ig u re  
1 3 .  C h a ra c te r s  1 and 2 d e f in e  groups (ABC) and (AB) 
r e s p e c t i v e l y ,  im p ly ing  th e  cladogram shown. Of c o u rs e ,  
i n c o n g r u i t i e s  in  th e  d i s t r i b u t i o n s  o f such c h a r a c t e r s
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would r e q u i r e  th e  ad hoc h y p o th e s is  o f  r e v e r s a l  o r  
con verg en ce ;  i n  t h i s  c a se  r e v e r s a l  would be th e  l o s s  of a 
f e a t u r e ,  a d e r iv e d  c o n d i t i o n  in  c o n t r a s t  t o  th e  p r i m i t iv e  
c o n d i t i o n ,  a b se n c e . And h y p o th eses  o f  r e l a t i o n s h i p  
c o n s t r u c te d  w ith o u t  o u t-g ro u p  com parison  a r e  as  t e s t a b l e  
a s  any o t h e r :  a s u f f i c i e n t  number of a d d i t i o n a l
c h a r a c t e r s  may be c o n t r a d i c t o r y  such t h a t  an a l t e r n a t e  
h y p o th e s is  becomes p r e f e r r e d .
R e co g n it io n  o f  g roups on th e  b a s i s  o f  nove l 
c h a r a c t e r s  p e rm its  t h e  h y p o th e s iz in g  o f  p h y lo g e n ie s  w ith in  
t h e  c o n te x t  o f  which one may a n a ly z e  th e  p o l a r i t y  o f  
s t a t e s  in  a d d i t i o n a l  c h a r a c t e r s .  T h is  h i g h e r - l e v e l  
h y p o th e s is  i s  assumed f o r  o u t -g ro u p  com parison  w i th in  i t s  
in c lu d e d  t a x a ,  b u t  can  i t s e l f  be t e s t e d  by a d d i t i o n a l  
r e l e v a n t  c h a r a c t e r s .  C a r tm i l l* s  (1981: 8 5 f f )  argum ents 
a g a i n s t  th e  a s s e r t i o n  t h a t  p h y lo g e n e t ic  h y p o th e s e s .c a n  be 
a s s e s s e d  a t  d i f f e r e n t  l e v e l s  a r e  f a l l a c i o u s  f o r  two main 
r e a s o n s .  F i r s t ,  he o v e r lo o k s  two im p o r ta n t  a s p e c ts  o f 
s c i e n t i f i c  m ethodology: t h a t  t e s t s  a r e  p ro v id ed  by
a d d i t i o n a l  e m p ir ic a l  o b s e r v a t io n s  and t h a t  assu m ptio ns  
made i n  one a n a l y s i s  can on ly  be t e s t e d  by a s e p a r a t e  
a n a l y s i s .  In  th e  c a se  o f  p h y lo g e n e t ic  a n a l y s i s ,  any 
h y p o th e s is  o f r e l a t i o n s h i p  can be r e f u t e d  i f  a s u f f i c i e n t  
number o f  a d d i t i o n a l  c h a r a c t e r s  a r e  found t o  c o n t r a d i c t  
t h e  h y p o th e s is  under t e s t  and a r e  b e t t e r  e x p la in e d  by 
a n o th e r  h y p o th e s i s .  However, w i th in  a g iv en  a n a l y s i s ,  any
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h y p o th e s is  assumed to  be t r u e  f o r  t h a t  a n a l y s i s  w i l l  no t 
be l o c a l l y  t e s t a b l e  ( i t  i s  an assum ption) and w i l l  indeed 
a f f e c t  t h e  outcome o f  th e  a n a l y s i s  ( i t  would no t be a 
r e l e v a n t  assum ption  i f  i t  d id  n o t ) .  S e c o n d ly ,  th e  
o c c u rre n c e  o f  l o c ? l  op tim a—h y p o th eses  o f  r e l a t i o n s h i p  
t h a t  a r e  pa rs im on ious  f o r  a r e s t r i c t e d  s e t  o f  t a x a  but a r e  
no lo n g e r  p a rs im o n io us  when th e  c h a r a c t e r  d i s t r i b u t i o n s  
o ve r  a w ider s e t  o f  t a x a  a re  c o n s id e re d — i s  a good example 
o f  one s i t u a t i o n  c a l l i n g  f o r  th e  rep lacem en t  o f a 
h y p o th e s is  by a b e t t e r  o ne , one t h a t  e x p la in s  a l a r g e r  
number o f  c h a r a c t e r  d i s t r i b u t i o n s  fo r  more ta x a  w ith  few er 
t o t a l  ad hoc h y p o th e s e s .  Although such s t e p s  may be 
u n a c c e p ta b le  i n  dogm atic  o r  even na iv e  f a l s i f i c a t i o n i s m ,  
i t  i s  e x a c t ly  how p ro g re s s  i s  made under s o p h i s t i c a t e d  
f a I s i f i c a t i o n i s m .
In  summary: o u t-g ro u p  com parison i s  n o t  r e q u i r e d  f o r
c l a d i s t i c  a n a l y s i s  when novel c h a r a c t e r s  (or c h a r a c te r s  
de te rm in ed  by o th e r  c r i t e r i a  in  c h a r a c t e r  a n a l y s i s )  a re  
known f o r  t h e  g rou ps . O ut-group com parison may s t i l l  be 
u s e f u l  a s  a s h o r t  c u t  t o  d e te rm in e  th e  p o l a r i t y  w i th in  
more complex c h a r a c t e r s  ( s e t s  o f  homologous c h a r a c t e r  
s t a t e s ) ; t h i s  i s  d isc u sse d  f u r t h e r  i n  th e  s e c t i o n  below 
on c h a r a c t e r  a n a l y s i s .  In  e i t h e r  c a s e ,  th e  topo logy  of 
t h e  netw ork b e s t  summarizing th e  c h a r a c t e r  d i s t r i b u t i o n s  
o v e r  ta x a  i s  in d ep en d en t o f  th e  i d e n t i f i c a t i o n  of 
c h a r a c t e r s  w ith  each s e t  o f  homologous c h a r a c t e r  s t a t e s .
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i . e .  ind ependen t of th e  p o l a r i t y  o f  th e  c h a r a c t e r s .  T h is  
p e rm its  s e g r e g a t io n  o f  th e  c o n t r i b u t i o n  to  t h e  cladogram 
of t h e  d i s t r i b u t i o n  o f  c h a r a c t e r  s t a t e s  (hypo theses of 
homology) from th e  c o n t r i b u t i o n  o f  t h e  hypo theses  o f  
p o l a r i t y .
A n c e s to r s . —A s u r p r i s i n g  amount o f  em phasis has  been 
p laced  on argum ents ab o u t  i d e n t i f y i n g  a n c e s t r a l  t a x a .  I f  
taxon  A has no novel c h a r a c t e r s  r e l a t i v e  t o  taxon B. i . e .  
i f  th e  c h a r a c t e r  s t a t e s  in  A a r e  e n t i r e l y  p r im i t iv e  
r e l a t i v e  t o  th o s e  in  B, th en  y e s ,  A m ight be a n c e s t r a l  to  
B. T h is  i s ,  s t r i c t l y  sp e a k in g ,  t e s t a b l e ,  s in c e  a 
c h a r a c t e r  unique to  A would make more a c c e p ta b le  t h e  
h y p o th e s is  t h a t  A i s  merely th e  s i s t e r  group of B.
However, a n c e s t r y  i s  a weak h y p o th e s is  in  t h a t  a s i n g l e  
e r ro n e o u s  ’e m p ir ic a l  o b se rv a t io n *  w i l l  r e s u l t  in  f a l s e l y  
a c c e p t in g  o r  r e j e c t i n g  i t .  S ince  I  s e e  no u se s  f o r  
h y p o th eses  o f  a n c e s t r y  t h a t  c an n o t  be se rv ed  e q u a l ly  w ell  
by hy po theses  o f p h y lo g e n e t ic  r e l a t i o n s h i p ,  and th e  
p o s s i b i l i t y  o f  u n d e te c ta b le  e r r o r  i s  h ig h ,  I  have n o t  
c o n s t ru c te d  h y p o th eses  o f  a n c e s t r y  f o r  any o f  th e  t a x a  in  
my s tu d y .
C h a ra c te r  w e ig h t in g . —Numerous p ro c e d u re s  have been 
proposed to  e n a b le  t h e  in fo rm a t io n  in  some s e t s  of 
c h a r a c t e r  s t a t e s  t o  c o n t r i b u t e  more t o  th e  r e s u l t i n g  
p h y lo g e n e t ic  h y p o th e s is  th an  do o th e r s  ( e . g . ,  Hecht and 
Edwards, 1976; Kluge and F a r r i s ,  1969; Sneath  and S c k a l ,
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1973, and r e f e r e n c e s  c i t e d  t h e r e i n ) • C h a rac te r  w e ig h tin g  
i s  in te n d e d  to  in c r e a s e  th e  l i k e l ih o o d  o f  deducing th e  
t r u e  p h y lo g e n e t ic  r e l a t i o n s h i p s .  I t s  e f f i c a c y  i s  
t h e r e f o r e  dependent on th e  deg ree  t o  which we can e s t im a te  
t h e  l i k e l i h o o d  o f  a c h a r a c t e r  s t a t e  t r e e  t o  be f r e e  from 
e r r o r s  in  homology and o r d e r i n g .  None o f  t h e  argum ents 
p u t  f o r t h  t o  d a te  conv ince  me o f  any method’ s a b i l i t y  t o  
do t h i s .
P a r t  o f  th e  d i f f i c u l t y  w ith  argum ents about t h e  
l i k e l i h o o d  of convergence  in  a g iv e n  f e a t u r e  i s  t h a t  i t  
a p p e a rs  d an g ero u s ly  easy  t o  a rgu e  bo th  ways in  many c a s e s ,  
and th u s  d i f f i c u l t  t o  ap p ly  th e  p r i n c i p l e s  o b j e c t i v e l y .
For exam ple: " I n t r i c a t e  a d a p t iv e  complexes a re  u n l ik e ly  t o  
a r i s e  tw ice  in  e x a c t ly  th e  same way, hence t o  be 
c o n v e rg e n t  in  two o c c u r re n c e s ,  and th e  p r o b a b i l i t y  o f  
homology i s  g r e a t e r  t h e  more com plica ted  th e  a d a p ta t io n  
and t h e  c l o s e r  t h e  i d e n t i t y . "  (Simpson, 1961: 89) v e rsu s  
"convergence  i s  t o  be su sp e c te d  when groups resem ble  each 
o th e r  on ly  o r  most c lo s e l y  in  some way s p e c i f i c a l l y  
a d a p t iv e  to  a p a r t i c u l a r ,  sh a re d  ecology and a re  o th e rw is e  
d i f f e r e n t . "  (Simpson, 1961: 91) .
As has been p o in te d  o u t  b e f o r e ,  some de f a c to  
w e ig h tin g  r e s u l t s  merely from t h e  a c t  of u s in g  a f e a t u r e  
i n  th e  a n a l y s i s  o r  n o t ,  from th e  number o f  s t a t e s  i n t o  
which we d iv id e  i t ,  o r  even from th e  number of s e t s  of 
c h a r a c t e r  s t a t e s  i n t o  which a complex of f e a t u r e s  i s
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d iv id e d .  The t r u t h  o f  t h i s  o b s e r v a t io n  on ly  s e rv e s  to  
em phasize  th e  im portance  o f  c h a r a c t e r  a n a l y s i s ,  t h e  need 
t o  d e s c r ib e  e x p l i c i t l y  th e  ev id en ce  f o r  i d e n t i f i c a t i o n s  o r  
c h a r a c t e r  s t a t e  t r e e s ,  and th e  g r e a t  im portance  o f  a 
p ro ce d u re  t o  t e s t  th e  c h a r a c t e r  h y p o th eses  in d e p e n d en tly  
o f  t h e i r  use  i n  a c l a d i s t i c  a n a l y s i s .  C h a ra c te r  w e ig h tin g  
i s  on ly  an i s s u e  t o  t h e  deg ree  t h a t  we a re  making m is ta k e s  
in  c h a r a c t e r  a n a l y s i s : i t  i s  an a t te m p t  t o  e s t im a te  in
t h e  a n a l y s i s  o f  which f e a t u r e s  m is ta k e s  a re  more l i k e l y  
and in  which l e s s  l i k e l y ,  and t o  p la c e  more emphasis on 
t h e  l a t t e r .  S u re ly  i t  i s  b e t t e r  to  red u ce  e r r o r  by more 
i n t e n s i v e  and s o p h i s t i c a t e d  c h a r a c t e r  a n a l y s i s  th an  to  
accom odate e r r o r .
Pro blems with C l a d i s t i c A n a ly s i s . —C l a d i s t i c  a n a l y s i s  
a s  c u r r e n t l y  employed does have some m e th o d o lo g ica l  
p rob lem s, even when c o n s id e re d  i n  th e  c o n te x t  o f  
s o p h i s t i c a t e d  m e th o d o lo g ica l  f a l s i f i c a t i o n i s m .  One such 
problem l i e s  i n  th e  view o f  p h y lo g e n e t ic  h y p o theses  as 
p r o g r e s s iv e  o r  d e g e n e ra t in g  in  te rm s  o f  Lakatos* 
p r o b le m s h i f t s .  R a th e r  th an  b e in g  a l i n e a r l y  p ro g re s s iv e  
s e r i e s  o f  hy po theses  o f  r e l a t i o n s h i p s ,  t h e r e  i s  o n ly  
p o s s ib l e  a r o t a t i o n  among a f i n i t e  number o f  p o s s ib l e  
h y p o th e s e s :  { (AB) C) , <(AC)E), o r  (A(BC)). The o n ly
p ro g r e s s  can be s a id  t o  occu r  i n  th e  expansio n  o f  t h e  d a ta  
b a s e — th e  number and v a r i e t y  o f  'e m p i r i c a l  o b s e rv a t io n s * ,  
in  t h i s  c a se  c h a r a c t e r s ,  t h a t  a r e  r e l e v a n t  t o  th e
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h y p o th e s e s .  C l a d i s t i c  a n a l y s i s  by i t s e l f  does n o t  appear 
t o  be a ve ry  pow erfu l s c i e n t i f i c  r e s e a r c h  programme 
(L ak a to s ,  19 70 ) .  The problem i s  p ro bab ly  t h a t  c l a d i s t i c  
a n a l y s i s  i s  o n ly  a s e t  o f  m ethods, o r  a t  most j u s t  one 
l e v e l  in  a s y s te m a t ic  h i e r a r c h y .  However, t h e  m u l t ip le  
l e v e l s  i n  p h y lo g e n e t ic  a n a l y s i s  a s  h e re  c h a r a c t e r i z e d  do 
p ro v id e  room f o r  c o n tin u e d  developm ent o f  o u r  
u n d e rs ta n d in g  of th e  i n t e r a c t i o n  among t h e  p ro c e s s e s  made 
r e l e v a n t  v ia  ou r  i n t e r p r e t i v e  t h e o r i e s  t o  each  l e v e l ,  and 
among th e  r e s u l t i n g  phenomena a t  d i f f e r e n t  l e v e l s .
S econd ly , th e  i n a b i l i t y  t o  s e r i o u s l y  propose 
m u lt ich o to m ie s  a s  t e s t a b l e  hypo theses  r a i s e s  doubts  about 
how c l o s e l y  we a r e  ap p ro x im atin g  th e  t r u e  phylogeny and 
may l i m i t  th e  u s e f u ln e s s  o f  p h y lo g e n e t ic  h y p o th eses  in  
m a c ro e v o lu t io n a ry  q u e s t io n s .  A s i n g l e  o b s e rv a t io n  (a 
c h a r a c t e r  d i s t r i b u t e d  (AB) , (BC) , o r  (AC)) i s  enough to  
make th e  h y p o th e s is  (ABC) l e s s  in f o r m a t iv e  than  ( (AB)C),
(A (BC)) ,  o r  ((AC)B) r e s p e c t i v e l y .  But t h i s  means t h a t  a 
s i n g l e  m is tak e  in  our hy p o th eses  of c h a r a c t e r  
d i s t r i b u t i o n s  e i t h e r  way can make th e  d i f f e r e n c e  between 
(ABC) and one o f  th e  s p e c i f i c ,  d ichotom ous h y p o th e se s .  
(This i s  l o g i c a l l y  e q u iv a le n t  t o  th e  problem with 
h y p o th e s iz in g  a n c e s t o r s :  an a n c e s to r  m ight be expec ted  t o
have no un ique  c h a r a c t e r s .  However, one m is ta k e —e i t h e r  
o v e r lo o k in g  a c h a r a c t e r  un ique  t o  t h e  p u t a t i v e  a n c e s to r  o r  
i n c o r r e c t l y  r e s t r i c t i n g  a c h a r a c t e r ' s  d i s t r i b u t i o n  t o  t h e
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p u t a t i v e  a n c e s to r —w i l l  r e s u l t  i n  e i t h e r  i n c o r r e c t l y  
a c c e p t in g  o r  i n c o r r e c t l y  r e j e c t i n g  th e  h y p o th e s is  o f  
a n c e s t r y . )
Our c o n f id e n c e  t h a t  we w i l l  make p ro g re s s  in  s p i t e  o f  
some m is ta k e s  abou t s p e c i f i c  hom ologies a r i s e s  from the  
accommodation in  th e  system  to  some c o n t r a d ic to r y  
o b s e r v a t i o n s .  Now, i f  one i s  w i l l i n g  to  assume t h a t  
phvlogeny has been e n t i r e l y  dichotom ous w ith  c h a r a c t e r  
change i n  each branch  a t  s p e c i a t i o n ,  t h a t  a n c e s t r a l  taxa  
became e x t i n c t  when th e y  gave r i s e  to  d a u g h te r  t a x a ,  and 
t h a t  we do no t  sample t h e s e  a n c e s to r s  ( e .g .  F igu re  13 A) , 
th e n  th e  i n a b i l i t y  t o  t r e a t  m u lt ich o to m ie s  a s  hypo theses  
i s  no problem : th e  c o r r e c t  c ladogram s w i l l  be dichotomous 
(F ig u re  13 B). But t h a t  r e q u i r e s  f a i r l y  r e s t r i c t i v e  
a ssu m p tio n s  abou t th e  n a tu r e  of th e  e v o lu t io n a ry  p ro c e ss  
and r a i s e s  doub ts  about w hether c l a d i s t i c  a n a ly s i s  a s  
c u r r e n t l y  fo rm ula ted  could g ive  in fo rm a tio n  a p p ro p r ia te  t o  
t e s t i n g  a l t e r n a t i v e  h y p o th eses  abou t p a t t e r n s  o f  
s p e c i a t i o n .
The phylogeny in  F ig u re  14 C i s  a r e a l i s t i c  example 
under some t h e o r i e s  o f  s p e c i a t i o n  and m orpho log ica l 
t r a n s f o r m a t i o n :  one example m ight be a model o f  s t ro n g
g e n e t i c  h o m eo s ta s is  i n  l a r g e  p o p u la t io n s ,  and r a p id  
e v o lu t io n  r e s t r i c t e d  t o  s m a l l ,  s p e c i a t i n g  p e r i p h e r a l  
i s o l a t e s .  Were a l l  t h e  c h a r a c t e r s  i n t e r p r e t e d  c o r r e c t l y ,  
th e n  th e  r e s u l t i n g  h y p o th e s is  o f  phylogeny would in c lu d e
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l a r g e  m u lticho to m ies  as shown (F igu re  1U B )• F u r th e rm o re ,  
i f  some m istaken  h y p o th e s is  o f  homology were used a s  an 
•e m p ir ic a l  o b s e r v a t io n * ,  such as m is tak en ly  c o n s id e r in g  
c h a r a c t e r  * i n  H t o  be t h e  same a s  c h a r a c t e r  ♦ in  I  and J ,  
th e n  th e  cladogram would be ( i n c o r r e c t ly )  f u r t h e r  
r e s o lv e d ,  a s  i n  F ig u re  14 C. Thus th e  danger i s  i n  not 
be ing  a b le  t o  d i s t i n g u i s h  between c o r r e c t  m u lt ich o to m ies  
and u n re so lv ed  n u l l i c h o to m ie s ,  e s p e c i a l l y  i f  one i s  
i n t e r e s t e d  in  u s in g  t h e  p h y lo g e n e t ic  hypo theses  r e s u l t i n g  
from c l a d i s t i c  a n a l y s i s  in  choosing  among a l t e r n a t i v e  
p a t t e r n s  o f s p e c i a t i o n  o r  in  answ ering  o th e r  
m ac ro ev o lu t io n a ry  q u e s t io n s .  More c a r e f u l  c h a r a c t e r  
a n a l y s i s  i s  n o t  a s a t i s f a c t o r y  answer t o  t h i s  problem 
because  th e  b a s ic  s t r u c t u r e  o f  th e  h y p o th e s is  in  c h a r a c t e r  
a n a l y s i s  i s  a " th r e e - ta x o n "  problem a s  w e l l :  th e  on ly  way
to  r e f u t e  th e  c h a r a c t e r  h y p o th e s is  t h a t  * and ♦ a r e  the  
same c h a r a c t e r  would be by d em o n s tra t in g  t h a t  * s h a r e s  
i n s t e a d  more s i g n i f i c a n t  a t t r i b u t e s  w ith  a c h a r a c t e r  in  G 
t h a t  l o g i c a l l y  p re c lu d e s  i t s  homology w ith ♦ ,  which i s  
l o g i c a l l y  e q u iv a le n t  t o  r e f u t i n g  (G (H (IJ)))  by 
d e m o n s tra t in g  ( (G H )( I J ) ) .  (GH(IJ)) can n e v e r  be a s  
in fo rm a t iv e  a s  e i t h e r ,  and w i l l  never be t h e  s u rv iv in g  
h y p o th e s is  in  a c o m p e t i t io n .  The i n a b i l i t y  o f  c l a d i s t i c  
a n a l y s i s  t o  d i s t i n g u i s h  between c o r r e c t  m u lt ich o to m ie s  and
i
u n re so lv e d  m u lt ich o to m ie s  i s  c u r r e n t l y  an unso lved  
problem .
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A f te r  t h i s  d i s c u s s io n  was w r i t t e n  I  en co u n te red  
F o r te y  and J e f f r i e s *  (1982) paper  in  which a r e  p re se n te d  
a d d i t i o n a l  examples o f  p h y lo g e n ie s  w ith  u n re s o lv a b le  
m u lt ic h o to m ie s ,  u n re s o lv a b le  i f  one i s  r e s t r i c t e d  t o  u s in g  
o n ly  th e  d i s t r i b u t i o n  o f  sh a red  d e r iv e d  f e a t u r e s .
Although th e  t h r u s t  o f  t h e i r  argument i s  in  a d i f f e r e n t  
d i r e c t i o n  from t h a t  o f  my p o in t s  above, they  do su g g e s t  
(w ithou t su p p ly in g  d e t a i l s )  t h a t  th e  s o l u t i o n  t o  a 
s l i g h t l y  d i f f e r e n t  prob lem , t h a t  o f d e te rm in in g  th e  t r u e  
sequence  in  s p i t e  of th e  la c k  o f  c h a r a c te r  e v o lu t io n  in  
t h e  a n c e s t r a l  l i n e a g e ,  i s  to  be found in  s t r a t i g r a p h i c  and 
p a l e o n to l o g i c a l  in f o r m a t io n .
T hree  a d d i t i o n a l  p o in t s  a r e  d i r e c te d  more a t  t h e  
p r a c t i c e  o f  c l a d i s t i c  a n a l y s i s  th an  a t  i t s  t h e o r e t i c a l  
s t r u c t u r e .  The f i r s t  i s  a c a v e a t :  ad hoc h y p o th eses  o f
convergence  o r  r e v e r s a l  a r e  o f t e n  fo llow ed  by a 
re -e x a m in a t io n  o f  th e  f e a t u r e s  in  th e  ta x a  in vo lv ed  and a 
su b seq u e n t  d isco v ery  c f  a p p a re n t ly  c o r ro b o r a t in g  
d i f f e r e n c e s  between f e a t u r e s  o r i g i n a l l y  th o u g h t  more 
s p e c i f i c a l l y  homologous. There a r e  two dangers  h e r e .
F i r s t  i s  th e  f a i l u r e  t o  r e a l i z e  t h a t  th e  ad hoc h y p o th eses  
a r e  n o t  a c t u a l l y  t e s t a b l e ,  in  t h a t  s i m i l a r i t i e s  a r e  not 
r e a l l y  a d m it te d  as  c o n t r a d i c t i n g  the  h y p o th e s is  o f  
r e v e r s a l  o r  co n v erg en ce ;  one m erely  speaks  o f  a more 
com ple te  convergence . Only n e g a t iv e  e v id en ce  cou ld  be 
s a i d  t o  c o n t r a d i c t  such  an ad hoc h y p o th e s i s —th e  f a i l u r e
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t o  f i n d  any d i f f e r e n c e s —and t h a t  i s ,  c f  c o u r s e ,  n o t  a 
u s e f u l  way to  c o n s t r u c t  a h y p o th e s i s .  T h e re fo re  i t  i s  
s a f e r  t o  c o n s id e r  ad hoc h y p o th eses  o f  convergence or 
r e v e r s a l  no t t o  be d i r e c t l y  t e s t a b l e .
The o th e r  danger i n  a c c e p t in g  a p p a re n t  c o r ro b o ra t io n  
o f  r e v e r s a l s  o r  converg ences  i s  t h a t  such c o n t r a d ic to r y  
c h a r a c t e r s  may th en  be c o n s id e re d  r e s o lv e d  and no lo n g e r  
k e p t  in  mind a s  p o t e n t i a l  c c u n te r - e v id e n c e  t o  th e  
c u r r e n t l y  h e ld  h y p o th e s i s .  For p ro g re s s  t o  be made, 
anom alie s  un der  th e  c u r r e n t  h y p o th e s is  must be kep t in  t h e
f o r e f r o n t  o f  th e  a n a l y s i s .  Thus i t  i s  im p o r tan t  i n  t h i s
c o n te x t  t o  keep a r e c o rd  o f  hy p o th eses  abo u t each
c h a r a c t e r  s t a t e  t r e e .  A c h a r a c t e r  may be c o n t r a d ic t e d  by
a c ladogram , and i t s  c h a r a c t e r  s t a t e  t r e e  r e v i s e d ,  b u t th e  
e v id e n c e  f o r  th e  o r i g i n a l  i n t e r p r e t a t i o n  o f  th e  c h a r a c t e r  
i s  s t i l l  ev id en ce  a g a i n s t  th e  a cc ep ted  cladogram  and 
sh o u ld  n o t  be d i s c a r d e d .  I f  a g iven  cladogram  has 
r e q u i r e d  th e  r e v i s io n  o f  s e v e r a l  c h a r a c t e r  h y p o th e s e s ,  one 
may sudden ly  f i n d  t h a t  th e  cladogram  shou ld  be c o n s id e re d  
r e f u t e d  r a t h e r  th an  th o s e  c h a r a c t e r  h y p o th eses  r e v i s e d ,  i f  
an a l t e r n a t i v e  h y p o th e s is  o f  r e l a t i o n s h i p  becomes a b e t t e r  
o n e .
On a p r a c t i c a l  l e v e l ,  a c ladogram  would be t e s t e d  by 
t h e  a d d i t i o n  o f  new c h a r a c t e r s  t o  th e  o r i g i n a l  d a ta  m a tr ix  
(no t t o  th e  s u i t e  of c h a r a c t e r  h y p o th eses  in c lu d in g  th e  
r e v i s i o n s  made to  conform t c  t h e  c u r r e n t ly  accep ted
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c la d o g ra m ) ,  t h e  b e s t - f i t  c ladogram  found f o r  th e  expanded 
s e t ,  and then  t h a t  new cladcgram  compared w ith  th e  cne 
b e in g  t e s t e d .  T h is  i s  r a t h e r  d i f f i c u l t  t o  do i n  p r a c t i c e ,  
e s p e c i a l l y  fo r  p u b l ish e d  h y p o th eses  o f  r e l a t i o n s h i p ,  
u n le s s  t h e  c h a r a c te r  a n a l y s i s  s t e p  i s  Kept s e p a r a t e  from 
t h e  c l a d i s t i c  a n a l y s i s  so  t h a t  th e  a p r i o r i  c h a r a c t e r  
h y p o th e se s  a re  always a v a i l a b l e .  R e g r e t t a b ly ,  th e  u su a l  
p ro ce d u re  o f  " r e c i p r o c a l  i l l u m in a t io n "  has been t o  r e p la c e  
some o f  th e  o r i g i n a l  c h a r a c t e r  h y p o th eses  w ith  r e v i s e d  
h y p o th e se s  made in  re s p o n se  t o  c o n t r a d i c t i o n s  w ith  th e  
b e s t - f i t  c ladogram . The symptoms o f  t h i s  can  o f t e n  be 
seen  in  th e  p u b lish ed  r e p o r t s  o f  c l a d i s t i c  a n a ly s e s :  
u n t i l  q u i t e  r e c e n t l y ,  th e  g p r i o r i  c h a r a c t e r  hypo theses 
were n o t  even d i s c u s s e d .  R a th e r  th e  c h a r a c t e r s  t o  su p p o r t  
each node were d e sc r ib e d  a s  i f  no p o l a r i t i e s  were ever  
r e v i s e d ;  f r e q u e n t ly  convergences  o r  r e v e r s a l s  were no t 
m en tio n ed . R ecen tly  t h e r e  has been an i n c r e a s in g  move to  
r e p o r t  m o d if ic a t io n s  in  h y p o th eses  of p o l a r i t y  made in  
re s p o n se  t o  t h e  c l a d i s t i c  a n a l y s i s ,  o r  th e  e x i s t e n c e  of 
con verg en ces  and r e v e r s a l s  (o f te n  accompanied by 
e x p re s s io n s  o f  s u r p r i s e  a t  th e  h igh  amount o f  
c o n v e rg e n c e ) ; th e s e  a r e  la u d a b le  bu t  w i l l  a lw ays be 
d i f f i c u l t  and awkward a s  long  a s  c h a r a c te r  a n a l y s i s  i s  n o t  
e x p l i c i t l y  rec o g n ize d  a s  a s e p a r a te  p ro c e d u re .
A second p r a c t i c a l  p o in t  f o r  c l a d i s t i c  a n a l y s i s  i s  
t h e  s u g g e s t io n  t h a t  t h e  p a t t e r n  o f  c o n t r a d i c t o r y  c h a r a c t e r
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d i s t r i b u t i o n s  be c l e a r l y  sum m arized. The d eg ree  t o  which 
a h y p o th e s is  o f  phylogeny i s  rendered  dub io us  by a c e r t a i n  
number o f  c o n t r a d ic to r y  c h a r a c t e r s  might be c o n s id e re d  t o  
be dependent on w hether most c o n t r a d i c t i o n s  su gg es t  a 
s i n g l e  a l t e r n a t i v e  h y p o th e s is  o r  whether t h e r e  i s  l i t t l e  
consensus among th e  c o n t r a d i c t i o n s .  A c lo s e l y  r e l a t e d  
id e a  i s  t h e  b a s i s  fo r  F a r r i s *  (1969: 37«) method o f  
c h a r a c t e r  w e igh tin g :  " c h a r a c t e r s  t h a t  a r e  r e l i a b l e  fo r  
c l a d i s t i c  in f e r e n c e  a r e  th o s e  t h a t  a r e  c o n s i s t e n t  w ith  t h e  
t r u e  p h y l e t i c  r e l a t i o n s h i p s . . . C l a d i s t i c a l l y  u n r e l i a b l e  
c h a r a c t e r s  can be h i e r a r c h i c a l l y  c o r r e l a t e d  only by 
c h a n c e ."
The t h i r d  p r a c t i c a l  problem i s  t h e  a c t u a l  
c o n s t r u c t io n  o f  th e  cladogram  t h a t  b e s t  e x p la in s  t h e  
c h a r a c t e r  d i s t r i b u t i o n s ,  i . e .  th e  s h o r t e s t  t r e e  f o r  t h a t  
d a ta  s e t .  T h is  s te p  i s  u s u a l ly  much more e a s i l y  s t a t e d  
th an  done: c h a r a c t e r  c o n f l i c t s  o f te n  su g g e s t  many
a l t e r n a t i v e  t r e e s  f o r  a g iven  s e t  o f  c h a r a c t e r s .  I f  t h e  
c h a r a c t e r s  and ta x a  a r e  a t  a l l  numerous, d e te rm in a t io n  o f  
a s h o r t  t r e e  f o r  th e  d a ta  can be very  d i f f i c u l t ,  and 
w ith o u t  a s su ra n c e  t h a t  i t  i s  t h e  s h o r t e s t  t r e e ,  o r  one o f  
a s e t  o f  e q u a l ly  s h o r t e s t  t r e e s .  The problem o f  
i d e n t i f y i n g  m in im a l- len g th  t r e e s  i s  c u r r e n t l y  be ing  
s tu d ie d  ( e . g . ,  Foulds e t  a l . ,  1 9 7 9 ) .  Of c o u r s e ,  t h e  i d e a l  
s o l u t io n  i s  to  have ve ry  few c h a r a c t e r  c o n f l i c t s  in  the  
d a ta  s e t ;  in  such c a s e s ,  th e  b e s t - f i t  cladogram i s  e a s i l y
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d e r iv e d .  To o b ta in  such  a s o l u t i o n  r e q u i r e s  t h a t  
c h a r a c t e r s  be re -a n a ly z e d  and t e s t e d  th o ro u g h ly  p r i o r  t o  
t h e  d e r i v a t i o n  o f  th e  c ladogram — a p r a c t i c a l  argum ent in  
f a v o r  of th e  t e s t i n g  p ro ced u re  i n  c h a r a c t e r  a n a l y s i s  
p re s e n te d  below.
F i n a l l y ,  we come t o  p e rh ap s  th e  most s i g n i f i c a n t  
d e f i c i e n c y  in  c l a d i s t i c  a n a l y s i s  as  c u r r e n t l y  fo rm u la ted  
and p r a c t i s e d .  As S c h a e f f e r  e t  a l .  (1972: 36) no ted  a 
decade ago , MI n  p r a c t i c e ,  most p a l e o n t o l o g i s t s  ( l ik e  most 
n e o n to lo g i s t s )  assume s p e c i f i c  hom olog ies , and q u e s t io n  
t h e i r  v a l i d i t y  on ly  i f  no p h y lo g e n e t ic  sense  can be made 
of th e  d a t a . "  However, bo th  n a iv e  and s o p h i s t i c a t e d  
v e r s io n s  o f  f a l s i f i c a t i o n i s m  su g g e s t  t h a t  t h e  'e m p i r i c a l  
o b s e r v a t i o n s ' ,  e s p e c i a l l y  ones tak e n  a s  c o u n te r - e v id e n c e ,  
sh o u ld  th em se lv es  be c o r r o b o r a te d .  C l a d i s t i c  a n a l y s i s  
s t i l l  o f f e r s  on ly  th e  h i g h e r - l e v e l  h y p o th e s is  o f  phylogeny 
a s  a ' t e s t '  o f  c h a r a c t e r  d i s t r i b u t i o n s  and does n o t  r e a l l y
e n a b le  t r u e  c o r r o b o r a t io n .  What i s  needed i s  a
lo w e r - l e v e l  scheme o f  t e s t i n g ,  ind ep en den t o f  th e  
h y p o th eses  o f phy logeny , a method t h a t  fo c u s se s  on th e
hy p o th eses  o f  homology and p o l a r i t y  a s  th e  main
h y p o th e s e s ,  t o  be t e s t e d  in  t u r n  by 'e m p i r i c a l  
o b s e r v a t io n s * ,  r e l a t i v e l y  l c w e r - l e v e l  h y p o th e se s .  This 
t e s t i n g  p roced u re  i s  p rov ided  by an expanded method o f 
c h a r a c t e r  a n a l y s i s .
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C h a ra c te r  Ana l y s i s
The s o l u t io n  to  s e v e r a l  o f  th e  problem s with 
c l a d i s t i c  a n a l y s i s  l i e s  in  developm ent of a method of 
c h a r a c t e r  a n a ly s i s  t h a t  w i l l  f o c u s  on th e  c o n s t r u c t io n  and 
t e s t i n g  o f  indepen den t h y p o th eses  o f  c h a r a c t e r  
d i s t r i b u t i o n .  Not o n ly  does t h e  t h e o r e t i c a l  d i s c u s s io n  o f  
c l a d i s t i c  a n a l y s i s  o u t l i n e d  above d e m o n s tra te  th e  need f o r  
a r ig o r o u s  method of c h a r a c t e r  a n a l y s i s ,  b u t  a l s o  t h e r e  i s
e v id e n ce  f o r  t h i s  need i n  th e  p e r s i s t e n t  c o n tro v e r s y  over
s p e c i f i c  q u e s t io n s  o f  r e l a t i o n s h i p .  D isagreem ents  about 
r e l a t i o n s h i p s  occu r  even when t h e r e  i s  a p p a re n t ly  
ag reem ent abou t p h y lo g e n e t ic  m ethodology, im ply ing  th a t  
t h e  so u rc e  of th e  d isag reem en t  i s  not re s o lv e d  by 
c l a d i s t i c  a n a l y s i s .  (Of c o u r s e ,  some argum ents a b o u t  
c l a s s i f i c a t i o n  appea r  s u p e r f i c i a l l y  to  be a rgum ents  about 
r e l a t i o n s h i p s ,  bu t a r e  n o t  what a re  be ing  d i s c u s s e d  here  
i f ,  a s  i s  o f t e n  th e  c a s e ,  th e  d i s p u t a n t s  would draw
i d e n t i c a l  p h y lo g en ies  f o r  th e  t a x a  about whose
c l a s s i f i c a t i o n  th ey  a r e  a rg u in g . )  So why do d isa g re e m e n ts  
o v e r  p h y lo g e n e t ic  r e l a t i o n s h i p s  p e r s i s t ?  Because 
p h y l o g e n e t i c i s t s  f r e q u e n t ly  do n o t  ag ree  on th e  c h a r a c t e r  
d i s t r i b u t i o n s  be ing  used  t o  c o n s t r u c t  th e  p h y lo g e n ie s :  
th e y  do n o t  a g re e  on t h e  i d e n t i f i c a t i o n s ,  w e ig h t in g ,  and 
p o l a r i t i e s  o f  th e  c h a r a c t e r s  i n  th e  d a ta  s e t  be ing  used to  
c o n s t r u c t  o r  t o  t e s t  h y p o th e s iz e d  p h y lo g e n ie s .
T hat th e  sou rce  o f  c o n tro v e r s y  o v e r  p h y lo g e n ie s  must
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be d isa g ree m e n t ove r  c h a r a c t e r  d i s t r i b u t i o n s  i s  obv ious 
when one remembers t h a t  t h e  to p o lo g y  o f t h e  network 
m in im ally  a cc o u n tin g  f o r  t h e  d i f f e r e n t  c h a r a c t e r  s t a t e s  i s  
d e te rm in ed  s o l e l y  by th e  d i s t r i b u t i o n  and o r d e r in g  o f 
t h o s e  c h a r a c t e r  s t a t e s .  T hree  c r i t e r i a  p ro v id e  
in fo rm a t io n  abou t th e  r e l a t i v e  d i s t r i b u t i o n s  ( p o l a r i ty )  o f  
t h e  c h a r a c t e r s  in d ep en d en t  o f  any p h y lo g e n e t ic  h y p o th e s i s ,  
w ith  th e  r e s u l t  t h a t  th e  netw ork  can be a t  l e a s t  p a r t i a l l y  
and u s u a l ly  c o m p le te ly  ro o te d  to  form a t r e e  o r  cladogram  
on th e  b a s i s  o f  th e  r e s u l t s  o f  c h a r a c t e r  a n a l y s i s  a lo n e ,  
o b v ia t in g  o r  re d u c in g  th e  need f o r  o u t-g ro u p  comparison 
and i t s  assum ption  o f  a h i g h e r - l e v e l  phy logeny . And, o f  
c o u r s e ,  a t  th e  most g e n e ra l  l e v e l ,  r o o t in g  can only be on 
on th e  b a s i s  o f  such in d ep en d en t  c r i t e r i a  because  one 
e v e n tu a l ly  ru n s  o u t  o f  o u t - g r o u p s .  Thus th e  c o n f ig u r a t i o n  
o f th e  b e s t  cladogram  i s  l a r g e l y  o r  e n t i r e l y  de term ined  by 
c h a r a c t e r  hyp o theses  c o n s t ru c te d  p r i o r  to  c l a d i s t i c  
a n a l y s i s  even i f  a l l  o u t-g ro u p  com parison i s  c o n s id e re d  
p a r t  o f  c l a d i s t i c  a n a l y s i s .  D i f f e r e n c e s  in  t he 
i n t e r p r e t a t i o n  o f  t h e  morphology w i l l  r e s u l t  in  
d i f f e r e n c e s  in  th e  p h y lo g e n e t ic  h y p o th e s e s . Agreement 
m ere ly  on th e  method c f  c l a d i s t i c  a n a ly s i s  i s  no t  
s u f f i c i e n t  to  e l im in a te  d is c o rd a n c e  a mong t h e p h y lo g e n e t ic  
hyp o th e s e s  co n s t r u c te d  f o r  a g ro u p .
T h is  g r e a t  im p ortan ce  o f  c h a r a c t e r  a n a l y s i s  h a s  been 
g e n e r a l l y  overlooked  (with a few n o ta b le  e x c e p t i o n s ,  e . g . .
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Bock, 1977). C u rren t  d i s c u s s io n s  o f  s y s te m a t ic  methods 
f r e q u e n t ly  t r e a t  c h a r a c t e r s  a s  g iv e n ,  u s in g  in  t h e i r  
examples m erely  l e t t e r s ,  num bers, o r  symbols (as  was done 
a b o v e ) , o r  obv ious  hom ologies t h a t  a re  n o t  r e a d i ly  
q u e s t io n e d  by th e  r e a d e r  ( e . g . ,  b i r d  wing and te t r a p o d  
f o r e l i m b ) ; th e y  d e s c r ib e  on ly  b r i e f l y  i f  a t  a l l  how 
h y p o th eses  of homology a re  a r r i v e d  a t , and ncne p ro poses  
a p p r o p r i a te  t e s t s  of homology, t e s t s  o th e r  th an  th e  
consensus  o f  numerous c h a r a c t e r s —th e  phylogeny , a 
h i g h e r - l e v e l  h y p o th e s i s .  {An extrem e example i s  found in  
Nelson and P la tn i c k  (1981); th e  c l o s e s t  app roaches  to  what 
I  c o n s id e r  a com plete  and u s e f u l  d is c u s s io n  a re  in  Eock 
(1977) and Wiley (1981), b u t  th e  l a t t e r  s t i l l  l a c k  a f u l l y  
t e s t a b l e  scheme p r i o r  to  th e  c l a d i s t i c  a n a l y s i s . )
Even when s y s t e m a t i s t s ,  e s p e c i a l l y  p a l e o n t o l o g i s t s ,  
c o n c e n tr a te d  on m o rpho log ica l change a s  t h e  main theme of 
e v o lu t i o n ,  th e  em phasis was on re a d in g  th e  m orpho log ica l 
t r e n d s  ( in  an a d a p t a t i o n a l  c o n te x t)  from a phy lo geny , 
r a t h e r  th a n  b e in g  c r i t i c a l l y  aware of how t h e  phylogeny 
was be ing  d e r iv e d  from morphology (in  some c a se s  in  
c o n ju n c t io n  w ith  s t r a t i g r a p h y )  in  th e  f i r s t  p la c e .  A 
r e c e n t  aw areness o f  t h e  im portance  o f  th e  c la d o g e n e t i c  
a s p e c t  o f  phylogeny ( e . g . ,  E ld redge  and C r a c r a f t ,  1980) 
has  s h i f t e d  em phasis away from t h i s  form er s c r t  o f 
t r a n s f o r m a t io n a l  view of c h a r a c t e r s ,  a p p r o p r i a t e ly  enough 
f o r  t h e  t a x i c  view o f  e v o lu t io n  u s e f u l  f o r  working with
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h i g h e r - l e v e l  h y p o th e s e s ,  such  a s  m acroevo lu tion a ry  
q u e s t io n s .  But t h i s  emphasis needs t o  be ba lanced  and 
indeed  su p p o r te d  by a new aw areness o f  th e  c r u c i a l  
im portance  of morphology in  d ev e lo p in g  s p e c i f i c  h y p o theses  
o f phylogeny, which must i n e v i t a b l y  engender an 
in c r e a s in g l y  c o n s c ie n t io u s  and m e t ic u lo u s  methodology of 
c h a r a c t e r  a n a l y s i s .
An a p p r o p r i a t e  and u s e fu l  methodology o f  c h a r a c te r  
a n a l y s i s  would be one in  which t h e  h y p o th eses  of homology 
were t r e a t e d  a s  t h e  c e n t r a l  h y p o th eses  in  t h e  a n a ly s i s  
( l e v e l  2 ) —t h a t  i s ,  an a n a l y s i s  in  which homologies among 
s p e c i f i c  f e a t u r e s  1) were h y p o th es iz ed  based  on some 
• e m p i r ic a l  o b s e rv a t io n s *  ( lo w e r - le v e l  h y p o th e s e s ) , 2) were 
t e s t e d  by a d d i t i o n a l  ’e m p ir ic a l  o b s e r v a t i o n s ' ,  and 3) were 
con s id e re d  r e f u ted  o n ly  i f  a b e t t e r  hy p o th e s i s  of th e  
hom ologies f o r  th o se  s p e c i f i c  f e a t u r e s  were found. To 
what e x t e n t  i s  t h i s  s o r t  o f  a n a l y s i s  p ro v id e d  by th e  
c u r r e n t  p ro ced u re?  The f i r s t  s t e p  i s  g e n e r a l l y  fo l lo w e d ,  
as w i l l  be re c o g n iz e d  from th e  d e s c r i p t i o n  below. An 
e x p l i c i t  t e s t i n g  o f  hom ologies by a d d i t i o n a l  p e r t i n e n t  
l o w e r - l e v e l  h y p o th eses  i s  not o f t e n  done , and an e x p l i c i t  
weighing of c o n f l i c t i n g  ev idence  fo r  a l t e r n a t e  hypotheses 
o f homology even more r a r e l y ,  i f  e v e r ,  perfo rm ed . 
A l t e r n a t i v e  h y p o th eses  a r e  p ro p o sed ,  t o  be s u r e ;  th e y  a re  
t h e  s o u rc e  of t h e  d isag reem en t d is c u s s e d  above. But th e  
c o n f l i c t  between i n t e r p r e t a t i o n  o f  morphology i s  r a r e l y
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•addressed a t  th e  l e v e l  o f  morphology r a t h e r  than  
ph y log en y , a l th o u g h  when i t  i s ,  a c l a r i f i c a t i o n  o f  the  
i s s u e s  and th e  anatomy o f t e n  o c c u r s .  I n s t e a d ,  most 
a l t e r n a t i v e  h y p o th eses  f o r  c h a r a c t e r s  a r e  th e  ad hoc 
hy p o th eses  o f  convergence  o r  r e v e r s a l  e r e c t e d  in  re sp o n se  
t o  c o n f l i c t s  w ith in  a p a r t i c u l a r  phy logeny . As im p lied  by 
th e  d e s ig n a t io n  of them as ad hoc ,  th ey  do n e t  s e rv e  a s  
b e t t e r  h y p o th eses  f o r  th o s e  f e a t u r e s  a s  c a l l e d  f o r  in  th e  
t h i r d  c r i t e r i o n  l i s t e d  above , b u t  in s t e a d  a r e  c o n s t ru c te d  
on ly  t o  save  t h a t  h i g h e r - l e v e l  h y p o th e s is  o f  phylogeny.
The method of c h a r a c t e r  a n a l y s i s  p re s e n te d  h e re  i s  an 
a t te m p t  t o  meet th e  t h r e e  c r i t e r i a  g iven  above and extend 
s c i e n t i f i c  methods in  s y s te m a t i c s  t o  q u e s t io n s  of homology 
and m orphology. As was th e  c a s e  with c l a d i s t i c  a n a l y s i s  
in  s y s te m a t i c s ,  th e  method i t s e l f  i s  n o t  new, but in  my 
e s t im a t io n  i s  what t h e  b e s t  a n a to m ic a l ly  o r i e n t e d  
s y s t e m a t i s t s  have alw ays done. However, a s  was a l s o  th e  
c a se  w ith  c l a d i s t i c  a n a l y s i s  f o r  p h y lo g e n e t ic  
r e c o n s t r u c t i o n ,  a fo rm al and e x p l i c i t  d e s c r ip t io n  o f  t h i s  
method o f  c h a r a c t e r  a n a l y s i s  w i l l  i n c r e a s e  t h e  e a se  with 
which new s y s t e m a t i s t s  l e a r n  to  do c h a r a c t e r  a n a l y s i s ,  th e  
deg ree  t o  which e x p e r ien c ed  s y s t e m a t i s t s  ad h ere  t o  u s e f u l  
and l o g i c a l  methods in  t h e i r  r e s e a r c h ,  and t h e  
e f f e c t i v e n e s s  with which a l l  s y s t e m a t i s t s  communicate th e  
r e s u l t s  o f  t h e i r  a n a to m ic a l  and p h y lo g e n e t ic  s t u d i e s .
I n t r oduc t i o n  to  th e  method o f  c h a ra c t e r
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a n a l v s i s . —F ig u re  15 o u t l i n e s  th e  m ajor s t e p s  i n  c h a r a c t e r  
a n a l y s i s  and c l a d i s t i c  a n a l y s i s .  Each o f  t h e  fo u r  l e v e l s  
( l a b e l l e d  I  th ro ugh  IV) r e p r e s e n t  l e v e l s  a t  which 
h y p o th eses  can be c o n s t r u c t e d ,  which a r e  th e n  t e s t a b l e  by 
t h e  e v id e n ce  o f  th e  p re c e e d in g  s t e p ,  and which in  tu r n  
t e s t  t h e  hy p o th eses  a t  th e  fo l lo w in g  l e v e l .  An aw areness 
o f  t h i s  h ie r a r c h y  i s  n e c e s sa ry  f o r  th e  r e c o g n i t io n  o f  when 
ev id e n ce  does o r  does n o t  c o n s t i t u t e  a v a l id  t e s t  o f  a 
g iven  h y p o th e s i s ,  a r e c o g n i t i o n  t h a t  has been l a c k in g  in  
many d e s c r i p t i o n s  o f p h y lo g e n e t ic  a n a l y s i s .
Although th e  two s t e p s  in  c h a r a c t e r  a n a l y s i s  have n o t  
been perform ed a s  te m p o ra l ly  d i s t i n c t  s t e p s  in  th e  p a s t ,  
n o r  need th ey  be in  a l l  c a s e s ,  s e p a r a t in g  them and 
d i s c u s s in g  them as d i s t i n c t  s t e p s  w i l l  a id  o u r  a n a ly s i s  o f  
th e  a ssu m p tio n s  o r  i n t e r p r e t i v e  t h e o r i e s  used to  
i n t e r p r e t e  th e  'e m p i r i c a l  o b s e r v a t i o n s '  t h a t  s e rv e  as  
ev id e n ce  in  each s t e p  o f  c h a r a c t e r  a n a l y s i s .  For th e  
p r e s e n t  d i s c u s s i o n ,  I  have r e f r a in e d  from d i s s e c t i n g  s te p  
1 i n to  s t i l l  f u r t h e r  s e p a r a te  s t e p s ,  a l th o u g h  i t  c o u ld  be 
done, because  I  d id  n o t  f in d  t h a t  any in fo rm a t iv e  
s u b d iv i s io n  o f  th e  i n t e r p r e t i v e  t h e o r i e s  o r  k inds o f  
ev id e n ce  r e s u l t e d  from such a d e co m p o si t io n .  S te p  1 
t h e r e f o r e  com prises  b o th  t h e  d i s c e r p t i v e  p ro ce d u re  o f  
re c o g n iz in g  s e p a r a t e ,  d i s t i n c t  c h a r a c t e r  s t a t e s  and the  
ag g lo m e ra t iv e  p ro ced u re  of r e c o g n iz in g  homologues, 
c l u s t e r i n g  c h a r a c te r  s t a t e s  i n t o  s e t s  com pris ing  d i f f e r e n t
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 69
c o n d i t io n s  o f  th e  same f e a t u r e s .  Thus s t e p  1 may be 
c o n s id e re d  e s s e n t i a l l y  a d e f i n i t i o n  and i d e n t i f i c a t i o n  
s t e p .
Step 2 i s  t h e  d e te rm in a t io n  o f  t h e  p o l a r i t y  o f  the  
c h a r a c t e r  s t a t e s ,  re c o g n iz in g  p r im i t iv e  v e r s u s  d e r iv e d  
s t a t e s ,  and o rd e r in g  them i n to  c h a r a c t e r  s t a t e  t r e e s .  I f  
on ly  th e  g e n e ra l  d e s c r i p t i o n s  a r e  c o n s id e r e d ,  th e  
d i s t i n c t i o n  between t h e  two s t e p s  a p p ea rs  r a t h e r  
a r b i t r a r y :  s t e p  1 can  be d e sc r ib e d  a s  t h e  r e c o g n i t i o n  o f
c h a r a c t e r  s t a t e s  and th e  group ing  o f  th o s e  c h a r a c t e r  
s t a t e s  i n t o  t h e  l a r g e s t  un nes ted  s e t s  p o s s i b l e ,  whereas 
s t e p  2 i s  t h e  s u b d iv i s io n  o f  t h e s e  most i n c l u s i v e  s e t s  o f  
homologues i n t o  n e s te d  s u b s e t s  ( e q u iv a le n t  t o  th e  
c h a r a c t e r  s t a t e  t r e e ) , i n  which each s e t  c o n s t i t u t e s  a 
c h a r a c t e r .  However, one o f  th e  most im p o r ta n t  p o in t s  
dem o n s tra ted  i n  th e  fo l lo w in g  d i s c u s s io n  i s  th e  d i s t i n c t  
d i f f e r e n c e  in  th e  e v id e n c e ,  i n t e r p r e t i v e  t h e o r i e s ,  and ad 
hoc hypo theses  f o r  each  of th e s e  two s t e p s .  Table U 
sum m arizes, f o r  each o f  t h e  s t e p s  in  c h a r a c t e r  a n a l y s i s ,  
t h e  a c t i v i t y  and p ro d u c t  o f  t h a t  s te p  and t h e  n a tu r e  of 
t h e  ad hoc h y p o theses  used to  e x p la in  anomalous r e s u l t s  in  
t h e  l i g h t  o f  t h e  c u r r e n t l y  most pa rs im o n iou s  c l a d i s t i c  
h y p o th e s i s .
A n o te  may be made h e re  o f  a problem t h a t  w i l l  be 
d i s c u s s e d  more f u l l y  in  th e  a n a l y s i s  o f  t h e  b a s i c r a n i a l  
f e a t u r e s  i n  my s tu d y :  th e  u n c r i t i c a l  u se  in  th e  p a s t  o f  a
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morphotype o r  a rc h e ty p e  a s  a r e s t r i c t i v e  i n t e r p r e t i v e  
th e o ry  in  c h a r a c t e r  s t a t e  i d e n t i f i c a t i o n  and c h a r a c t e r  
s t a t e  t r e e  c o n s t r u c t io n .  Assumptions about " th e  p r i m i t iv e  
c o n d i t io n  f o r  mammals'* have o f t e n  s t r o n g ly  in f lu e n c e d  th e  
i n t e r p r e t a t i o n  o f  mammalian anatom y, e s p e c i a l l y  o f  
f o s s i l s .  R a ther  i n f l e x i b l e  c o n c e p ts  o f  what s t r u c t u r e s  
must be p r e s e n t  in  a s p e c ie s  i d e n t i f i e d  a s  an  e a r l y  member 
o f  a g iven  g ro u p , c o n c e p ts  ap p roach ing  an i d e a l i s t i c  
a rc h e ty p e  o r  b a u p la n ,  have hampered c h a r a c t e r  a n a l y s i s ,  
an d , a s  a r e s u l t ,  b ia s e d  th e  r e s u l t s  o f  c l a d i s t i c  
a n a l y s i s .  Emphasis in  t h i s  s tu d y  i s  p laced  cn a d e t a i l e d  
and e x p l i c i t  d i s c u s s io n  o f how c h a r a c t e r  a n a l y s i s  can be 
done t o  b r in g  to  th e  s u r f a c e  (and th u s  expose  to  
e v a lu a t io n )  some o f  t h e s e  r e s t r i c t i v e  assum ptions 
p re v io u s ly  employed.
B efore  b eg in n in g  th e  d e t a i l e d  d i s c u s s io n  o f c h a r a c t e r  
a n a l y s i s ,  i t  w i l l  be u s e f u l  t o  r e i t e r a t e  th e  d i f f e r e n c e  
between c h a r a c t e r s  and c h a r a c t e r  s t a t e s ,  and to  s t a t e  th e  
g o a l  o f  c h a r a c t e r  a n a l y s i s  in  th e s e  t e rm s .  C h a ra c te r s  a r e  
h y p o theses  o f homology: a c h a r a c t e r  i s  a s e t  o f  a l l  th e
f e a t u r e s ,  however m o d if ie d ,  t h a t  we h y p o th e s iz e  t o  be 
d e r iv e d  from one f e a t u r e  in  th e  common a n c e s to r  o f a l l  
ta x a  e x h i b i t i n g  th e  c h a r a c t e r .  T h is  i s  th e  d e f i n i t i o n  of 
c h a r a c t e r  o r  homology; c r i t e r i a  f o r  th e  r e c o g n i t i o n  o r  
i d e n t i f i c a t i o n  o f  s p e c i f i c  c h a r a c t e r s  a re  v e ry  d i f f e r e n t  
from th e  d e f i n i t i o n  o f  th e  concep t ( G h is e l in ,  1966; Bock,
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19 77) .  In d e e d ,  c r i t e r i a  f o r  r e c o g n i t io n  o f  c h a r a c t e r s  
must be in dependen t o f  and w itho u t r e f e r e n c e  to  any 
c o n c re te  phylogeny i f  th e  c h a r a c t e r s  so i d e n t i f i e d  a re  to  
be u s e f u l  ( i . e . ,  n o n - c i r c u la r )  e v id en ce  f o r  the  phylogeny 
o f  th e  ta x a  under s tu d y .  But th e  i n t e r p r e t i v e  t h e o r i e s  
f o r  e v a lu a t in g  e v id e n c e  f o r  homology, f o r  r e c o g n iz in g  
hom ologies in  p r a c t i c e ,  must be based on a ssu m p tio n s  about 
phylogeny and e v o lu t io n  in  g e n e ra l  i f  t h e  r e c o g n i t i o n  o f  
hom ologies i s  to  be r e l e v a n t  t o  d e r iv in g  c l a d i s t i c  
h y p o th e se s .
C h a ra c te r s  a r e  n e s te d  s e t s  o f  f e a t u r e s .  T h is  i s  th e  
l o g i c a l  b a s i s  fo r  B o c k 's  (1973, 1977) p o in t  about 
hom ologies r e q u i r in g  a c o n d i t i o n a l  c la u s e  ( e . g . ,  b i r d  
wings and b a t  wings a r e  n o t  homologous as wings b u t  a re  
homologous a s  t e t r a p o d  fo re l im b s )  . A c h a r a c t e r  s t a t e  i s  a 
s p e c i f i c ,  d e s c r ib a b le  c o n d i t io n  ( th e  h y p o th e s is  from s te p  
1 in  c h a r a c t e r  a n a l y s i s ) , which may be a com plete  
c h a r a c t e r  o r  may be o n ly  one c o n d i t io n  o f  a c h a r a c t e r .
Thus in  F ig u re  1 6 , a2 i s  a c h a r a c t e r  s t a t e  w ith  t h e  same 
d i s t r i b u t i o n  a s  th e  c h a r a c t e r  A2, w h ile  a3 i s  th e  
p r im i t iv e  c h a r a c t e r  s t a t e  w ith in  th e  c h a r a c t e r  A3 (which 
com prises  both s t a t e s  a3 and aU )• C h a r a c te r s  a r e  
de te rm ined  from th e  c h a r a c t e r  s t a t e  t r e e .  For exam ple, 
fo u r  c h a r a c t e r s  can be d e l in e a te d  on th e  t r e e  i n  F ig u re  
1 6 , in  t h e  h ie r a rc h y  d e p ic te d  by th e  n e s te d  s e t  diagram in  
F ig u re  16C.
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C h a ra c te r  s t a t e  t r e e s  a re  c o n s t r u c te d  by 
h y p o th e s iz in g  p o l a r i t i e s  f o r  p a i r s  o f c h a r a c t e r  s t a t e s  
(s te p  2 i n  c h a r a c t e r  a n a l y s i s ) : which s t a t e  i s  p r im i t iv e
and which d e r iv e d .  Again u s in g  th e  example in  F ig u re  16 , 
t h i s  c h a r a c t e r  s t a t e  t r e e  would be th e  r e s u l t  o f  ev idence  
t h a t  a l  was p r i m i t i v e  r e l a t i v e  t o  a l l  o th e r  s t a t e s ,  t h a t  
a3 was p r i m i t iv e  t o  a « ,  and t h a t  a2 was d e r iv e d  r e l a t i v e  
t o  a l  bu t n o t  p a r t  o f  th e  d e r iv e d  sequence  c o n ta in in g  a3 
and aU. Sources o f  such e v id en ce  a r e  d is c u s s e d  in  d e t a i l  
in  th e  s e c t i o n  below on s te p  2 o f  c h a r a c t e r  a n a l y s i s .
The p r e s e n t  d i s c u s s io n  i s  s u f f i c i e n t  t o  su p p o r t  
s e v e r a l  c o n c lu s io n s .  F i r s t ,  d e te rm in in g  th e  r e l a t i v e  
p o l a r i t i e s  w i th in  a s e t  o f c h a r a c t e r  s t a t e s  i s  e q u iv a le n t  
t o  c o n s t r u c t in g  a c h a r a c t e r  s t a t e  t r e e  ( s te p  2 in  
c h a r a c t e r  a n a l y s i s ) .  S econd ly , th e  com ple te  d i s t r i b u t i o n s  
o f  c h a r a c t e r s  a r e  o n ly  r e c o g n iz a b le  i n  th e  c o n te x t  o f  a 
c h a r a c t e r  s t a t e  t r e e ,  so  t h a t  d e r iv e d  c h a r a c t e r  s t a t e s  a r e  
n o t  o m it ted  from th e  d e l i n e a t i o n  of a c h a r a c t e r ;  such  an 
om iss ion  would le a v e  an incom p le te  c h a r a c t e r ,  f r e q u e n t ly  
l a b e le d  i n  th e  c u r r e n t  l i t e r a t u r e  w ith  th e  misnomer 
" p r i m i t iv e  c h a r a c t e r ” .
The h i e r a r c h i c a l  r e l a t i o n s h i p s  among c h a r a c t e r s  
r e s u l t s  i n  c h a r a c t e r s  having  d i s t r i b u t i o n s  o f  d i f f e r e n t  
g e n e r a l i t i e s :  some c h a r a c t e r s  a r e  more g e n e ra l  and
in c lu d e  l e s s  g e n e r a l ,  o r  more s p e c i f i c ,  c h a r a c t e r s .  (All 
th e s e  c h a r a c t e r s  im ply co rre sp o n d in g  more o r  l e s s
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i n c l u s i v e  m onophyle tic  g ro u p s , o f  c o u r s e . )  In  t h i s  
c o n te x t ,  i t  can be se en  t h a t  a • p r im i t iv e  c h a r a c t e r '  i s  
a c t u a l l y  p a r t  o f a more g e n e r a l ,  more w idely  d i s t r i b u t e d  
c h a r a c t e r .  I t  i s  im p o r ta n t  t o  re c o g n iz e  t h a t  th e  term  
" g e n e ra l "  when a p p l ie d  t o  a c h a r a c t e r  in  t h i s  a n a l y s i s  
r e f e r s  o n ly  t o  i t s  r e l a t i v e  g e n e r a l i t y  o f  d i s t r i b u t i o n  
a c r o s s  t a x a .  "G en era l"  in  t h i s  sense  does n e t  imply 
" u n d i f f e r e n t i a t e d  o n t o g e n e t i c a l l y ,"  o r  t h a t  th e  ta x c n  i s  a 
g e n e r a l i s t  e c o l o g i c a l l y ,  f o r  exam ple.
An i n t e r e s t i n g  p a r a l l e l  w ith  c l a d i s t i c  a n a l y s i s  may 
be no ted  h e re .  As Hecht and Edwards (1977) have p o in te d  
o u t ,  t h e r e  i s  t h e  p o s s i b i l i t y  t h a t  none o f  th e  observed 
s t a t e s  i s  p r i m i t iv e ,  t h a t  th e  sampled c h a r a c t e r  s t a t e s  a l l  
a ro s e  in d e p e n d e n t ly  from an u n re p re s e n te d  p r im i t iv e  s t a t e .  
T h is  i s  e q u iv a le n t  t o  t h e  t r u e  m ultichotom y in  c l a d i s t i c  
a n a l y s i s  and i s  s i m i l a r l y  im p o s s ib le  t o  d i s t i n g u i s h  from 
t h e  m ere ly  un reso lv ed  m ulticho tom y . P a leo n to lo g y  may be 
t h e  b e s t  so u rc e  o f  h e lp  h e re  because  t h e  f o s s i l  r e c o rd  i s  
c e r t a i n l y  l i k e l y  t o  c o n t r i b u t e  more homologous c h a r a c t e r  
s t a t e s ,  and th o s e  s t a t e s  (no t ta x a )  a r e  more l i k e l y  t o  be 
R e la t i v e ly  p r i m i t iv e .  (This p o in t  was made i n d i r e c t l y  by 
Simpson (1961: 8U-86) and r e c e n t l y  emphasized by P a t te r s o n  
(1977b: 625): " th e  c o n t r i b u t i o n  o f  p a le o n to lo g y  i s  no t
a n c e s t r a l  organ ism s bu t a n c e s t r a l  c h a r a c t e r  s t a t e s . " )
One q u e s t io n  t r e a t e d  a s  a problem and d is c u s s e d  in  
t h e  l i t e r a t u r e  i s  how c h a r a c t e r s  or c h a r a c t e r  s t a t e s  a re
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d e l i m i t e d .  Hecht and Edwards (1976) argued  th a t  n in e  
f e a t u r e s  t h a t  had been analyzed  a s  n in e  s e p a r a t e  s e t s  o f  
homologues were a c t u a l l y  a l l  one c h a r a c t e r :  
paedom orphosis . But a s  i l l u s t r a t e d  by t h e i r  a rgum ent, 
t h a t  r e v i s e d  c h a r a c t e r  h y p o th e s is  i s  a more parsim onious 
one t h a t  can be s a f e l y  adop ted  o n ly  a f t e r  t h e  n ine  
f e a t u r e s  were ana lyzed  s e p a r a t e l y  and seen  to  have th e  
same d i s t r i b u t i o n .  T h e re fo re ,  i n  t h i s  s tu d y ,  a n y th in g  
r e c o g n iz a b le  and d e s c r ib a b le  i s  a f e a t u r e ;  t h e  most 
pa rs im o n io us  c h a r a c t e r  h y p o th eses  a r e  th e  r e s u l t  o f  a 
c o n t in u a l  s e a rc h  f o r  more p a rs im o n io u s ,  more e x p la n a to ry  
c h a r a c t e r  h y p o th e se s .
In  th e  c o n te x t  o f  t h i s  r ig o r o u s  u n d e rs ta n d in g  of 
c h a r a c t e r  s t a t e s ,  c h a r a c t e r  s t a t e  t r e e s ,  and c h a r a c t e r s ,  
t h e  goa l o f  c h a r a c t e r  a n a l y s i s  can be sim ply  s t a t e d : i t
i s  t o  d e te rm in e  th e  i d e n t i t y  and d i s t r i b u t i o n  of 
c h a r a c t e r s .  Given t h e  above d e f i n i t i o n  o f  a c h a r a c t e r ,  i t  
i s  e v id e n t  t h a t  c h a r a c t e r s  (and no t c h a r a c t e r  s t a t e s )  a re  
o u r  s o l e  so u rc e  o f  ev id e n ce  f o r  p h y lo g e n e t ic  
r e l a t i o n s h i p s .  T his d i s t r i b u t i o n  o f  a c h a r a c t e r  a c ro s s  a 
s e t  o f  ta x a  i s  e v id en ce  t h a t  t h a t  s e t  o f  t a x a  sh a re d  a 
common a n c e s to r  no t sh a re d  w ith  ta x a  l a c k in g  th e  
c h a r a c t e r .  ( I t  may be b r i e f l y  no ted  t h a t  " l o s s "  i s  a 
d e r iv e d  c h a r a c t e r  s t a t e  w i th in  a c h a r a c t e r ,  u su a l ly  
r e c o g n iz a b le  o n ly  under an ad hoc h y p o th e s is  e q u iv a le n t  to  
r e v e r s a l ,  and t h e r e f o r e  no t th e  same c h a r a c t e r  s t a t e  as
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t h e  u n i v e r s a l l y  p r im i t iv e  c h a r a c t e r  s t a t e  "absence” .)
Each c h a r a c t e r  i s  ev idence  f o r  a h y p o th e s is  of monophyly, 
which can be t e s t e d  by com parison  w ith  o th e r  such 
h y p o th eses  o f monophyly in  c l a d i s t i c  a n a l y s i s .  But note  
t h a t  in  c l a d i s t i c  a n a ly s i s  th e  h y p o th e s is  o f  monophyly i s  
what i s  b e in g  t e s t e d ,  in  t h a t  i t  can be r e f u t e d —re p la c e d  
by a b e t t e r  su p p o r te d  h y p o th e s is  c f  monophyly; th e  
d e f i n i t i o n  o r  d i s t r i b u t i o n  c f  t h e  c h a r a c t e r  im plying t h a t  
h y p o th e s is  i s  n o t  d i r e c t l y  t e s t e d ,  in  t h a t  a l t e r n a t i v e  
h y p o th eses  o f monophyly a r e  n o t  s u f f i c i e n t  t o  r e f u t e  th e  
c h a r a c t e r  h y p o th e s is  by r e p la c in g  i t  w ith  a more 
pa rs im o n io u s  c h a r a c t e r  h y p o th e s i s .  (The w idespread 
f a i l u r e  t o  re c o g n iz e  t h i s  d i s t i n c t i o n  has been r e s p o n s ib le  
f o r  much o f  t h e  p re s e n t  f a i l u r e  t c  r e s o lv e  c h a r a c t e r  
c o n f l i c t s  a d e q u a te ly . )  I f  t h e  h y p o th e s is  o f  monophyly 
in d ic a t e d  by a c h a r a c t e r  i s  r e f u t e d  by o th e r  c h a r a c t e r s ,  
t h e  ad hoc h y p o th e s is  i s  t h a t  som eth ing  must be wrong w ith  
t h a t  c h a r a c t e r ,  which r e a l l y  c a l l s  i n to  q u e s t io n  th e  
c o n te n t  and a p p l i c a t io n  o f th e  i n t e r p r e t i v e  t h e o r i e s  used 
to  o b ta in  t h a t  c h a r a c t e r .  But o n ly  a d d i t i o n a l  c h a r a c te r  
a n a l y s i s  cou ld  e n a b le  one to  r e f u t e  t h e  o r i g i n a l  c h a r a c t e r  
h y p o th e s i s ,  s i n c e  th e  ad hoc h y p o th eses  g en era ted  under 
c l a d i s t i c  a n a l y s i s  a r e  n o t  th em se lv es  u s e f u l ly  t e s t a b l e  
(se e  p p . lO O ff ) .  The r e s t  o f  t h e  d i s c u s s io n  of c h a r a c t e r  
a n a l y s i s  f u r t h e r  su p p o r ts  th e  re a so n in g  behind th e s e  
a s s e r t i o n s ,  and p ro v id es  a method fo r  p r o f i t a b l y  t e s t i n g
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c h a r a c t e r  h y p o th e se s .
S tep  1 :  D eterm in ing  c h a r a c t e r  s t a t e s . —Most o f  th e
s o u rc e s  o f  ev id en ce  f o r  d e l i n e a t i n g  c h a r a c t e r s ,  
d i f f e r e n t i a t i n g  c h a r a c t e r  s t a t e s  and d e c id in g  which belong 
to g e th e r  i n  a s e t  have been th o ro u g h ly  rev iew ed in  
numerous d i s c u s s io n s  o f  c h a r a c t e r s  and homology ( e . g . ,  
J a r d in e -  1969; K luge, 1971; Mayr, 1969; Simpson, 1961; 
Sneath  and S o k a l ,  1973; W iley, 1981; Z a n g e r l ,  1948) , and 
a c t u a l l y  a re  l i t t l e  ex tended  in  b a s ic  p r i n c i p l e  beyond 
Owen's (1847:174) b r i e f  c r i t e r i a  f o r  homology. Some of 
t h e  main k in d s  o f  ev id en ce  have been b r i e f l y  l i s t e d  in  
F ig u re  1 5 .  They a re  a l l  c r i t e r i a  f o r  d e c id in g  whether 
s t r u c t u r e s  a r e  com parable o r  n o t :  w hether two f e a t u r e s  in
d i f f e r e n t  o rgan ism s a r e  made of th e  same k in d  o f  t i s s u e s ,  
w hether th e  p a r t s  o r  d e t a i l s  of s t r u c t u r e  c o r re sp o n d ,  
w hether th e y  a re  ir. ro u g h ly  the. same to p o lo g ic a l  
r e l a t i o n s h i p  t o  o th e r  com parable f e a t u r e s ,  whether t h e i r  
s i m i l a r i t y  in  c o m p o s it io n ,  d e t a i l s  o f s t r u c t u r e ,  and 
t o p o lo g i c a l  r e l a t i o n s h i p s  ex tend  back th ro u g h o u t  th e  
o n to g e n e t i c  h i s t o r y  o f  th e  f e a t u r e ,  o r  th roug h  tim e and 
sp ace  in  i t s  b io m echan ica l a c t i o n  ( " f u n c t io n "  f i d e  Bock 
and von W ah le r t ,  1965).
A ll  com parable f e a t u r e s  t h a t  co rre sp o n d  so c lo s e ly  in  
d e t a i l  t h a t  th e y  canno t u s e f u l ly  be d i s t i n g u i s h e d ,  excep t 
a t  t h e  l e v e l  o f  in d iv id u a l  v a r i a t i o n ,  may be s a id  t o  
c o n s t i t u t e  one c h a r a c t e r  s t a t e .  A com plete  s e t  o f
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c h a r a c t e r  s t a t e s  co m prises  a l l  known v a r i a t i o n s  o f  
com parab le  f e a t u r e s ,  form ing ( fo r  th e  ta x a  under s tudy) 
t h e  l a r g e s t  p o s s ib l e  s e t  o f  hom ologues• Numerous and 
u s u a l ly  r a t h e r  s p e c i f i c  i n t e r p r e t i v e  t h e o r i e s  a re  used a t  
t h i s  s t a g e  to  dec ide  what a re  u s e f u l l y  c o n s id e re d  
com parab le  f e a t u r e s  and what a r e  so d i f f e r e n t  t h a t  they 
a r e  no lo n g e r  com parab le , e s p e c i a l l y  t h e o r i e s  abou t what 
s o r t  o f  e v o lu t io n a r y  changes a r e  p o s s ib l e  based  on c u r r e n t  
n o t io n s  o f  e p ig e n e t i c  mechanisms. Examples c f  such 
t h e o r i e s  may be found in  th e  c h a r a c t e r  a n a l y s i s  o f  th e  
n im rav id  a u d i to r y  r e g io n  d e s c r ib e d  below (pp . 365, 379, 
e t c . ) .
R e f u ta t i o n s  o f  t h e  h y p o th eses  formed by t h i s  s t e p  
o c c u r  more f r e q u e n t ly  than  cne m ight im m ed ia te ly  r e a l i z e :  
ev e ry  d e c i s io n  t h a t  some f e a t u r e  has been m is id e n t i f i e d  
and ev ery  r e - i d e n t i f i c a t i o n  i s  a r e f u t a t i o n  c f  one such 
h y p o th e s is  by a n o th e r .  T h is  s t e p  and th e  h y p o th e t i c a l  
n a tu r e  o f  i d e n t i f i c a t i o n s  a re  pe rhaps  more obvious fo r  
f o s s i l s  th a n  f o r  e x ta n t  m a t e r i a l ,  b ecause  o f  th e  v a r i a b l e  
p r e s e r v a t io n  o f  f o s s i l s  and becau se  t h e  so u rc es  o f  
e v id e n ce  a r e  u s u a l ly  r e s t r i c t e d  t c  d e t a i l s  o f  s t r u c t u r e  
and t o p o lo g i c a l  r e l a t i o n s h i p s  w ith  o th e r  s k e l e t a l  
e le m e n ts .
S tep  2 : A s c e r ta in in g  c h a r a c t e r s . —C h a ra c te r s  may be
d e f in e d  a s  m onophyle tic  g roups o f  c h a r a c t e r  s t a t e s .  In 
o r d e r  t o  use  c h a r a c t e r s  t o  f in d  t h e  phylogeny o f  a s e t  o f
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t a x a ,  however, one must have c r i t e r i a  f o r  re c o g n iz in g  
m onop hy le tic  groups o f  c h a r a c t e r  s t a t e s ,  c r i t e r i a  t h a t  can 
be a p p l ie d  in d e p e n d e n t ly  o f  any assumed phylogeny f o r  
th o s e  t a x a ,  p r e f e r a b ly  in d ep e n d en t  even c f  t h e  most sp a re  
p h y lo g e n e t ic  a ssu m p tio n , t h a t  t h e  ta x a  under study form a 
m on oph y le tic  group r e l a t i v e  t o  one or more o u t -g ro u p s .  
(Some a u th o r s ,  f o r  example de Jong (1980), have f a i l e d  to  
r e a l i z e  t h a t  m erely  a s ta te m e n t  o f  monophyly i s  a 
s ta te m e n t  abou t phy logeny . I t  i s  not a very  d e t a i l e d  
ph y lo g en y , but i t  i s  n e v e r th e l e s s  a s ta te m e n t  o f 
h i g h e r - l e v e l  phylogeny s in c e  monophyly i s  d e f in e d  i n  term s 
o f  phy logeny . R eco g n itio n  of t h i s  p o in t  i s  im p o r ta n t  in  
e v a lu a t in g  c r i t e r i a  f o r  d e te rm in in g  p o l a r i t y ;  f a i l u r e  t o  
re c o g n iz e  t h i s  p o in t  has  r e s u l t e d  in  e r r o r s  in  p rev io u s  
a n a l y s e s . )  There a r e  a t  l e a s t  t h r e e  so u rc e s  of ev id e n ce  
f o r  p o l a r i t y  t h a t  do no t r e q u i r e  an a p r i o r i  phylogeny. 
These a re  l i s t e d  in  F ig u re  15 .
The s im p le s t ,  and in  seme ways most im p o r ta n t ,  
c r i t e r i o n  i s  t h a t  o f r e l a t i v e  n o v e l ty .  I f  a s u b s e t  o f  th e  
ta x a  under s tu d y  has some f e a t u r e ,  and one can f in d  no 
homologues o f  i t  i n  t h e  rem ain in g  t a x a ,  th e  most 
p a rs im o n io u s  i n t e r p r e t a t i o n  i s  t h a t  ab sen ce  i s  th e  
p r i m i t iv e  c o n d i t io n  and t h a t  t h e  f e a tu r e  i s  a c h a r a c t e r  
u n i t i n g  th o s e  tax a  in  which i t  i s  o b se rv e d .  This i s  a 
l o g i c a l  c o n c lu s io n  from th e  t h i r d  assum ption  on p .  U0; i t  
fo l lo w s  from th e  assum ption  t h a t  th e  p r e s e n t  d i v e r s i t y  i s
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t h e  r e s u l t  o f  a phylogeny. Of c o u r s e ,  m is ta k e s  in  
i d e n t i f y i n g  t h e  s t a t e s  a re  p o s s ib l e :  one might m is tak e
" l o s s "  f o r  "absence'* . In  some such c a s e s ,  o n to g e n e t ic  
in fo rm a tio n  may d i f f e r e n t i a t e  th e s e  two c o n d i t io n s  by 
d e m o n s tra t in g  a t r a n s i t o r y  developm ent o f  a f e a t u r e  a b sen t  
in  th e  a d u l t  ( e . g . ,  t e e t h  in  b a leen  w hales (A rnold , 1981) 
o r  a t  some l o c i  in  T a r s iu s  (L ucke tt  and M aier , 1 9 8 2 ) ) ,  
whereas i n  o th e r  c a s e s ,  t h e  r e - i d e n t i f i c a t i o n  o f  a 
c o n d i t io n  a s  " l o s s "  r a t h e r  th an  "absence"  may be an ad hoc 
h y p o th e s i s ,  d is c u sse d  below . But th e  c r i t e r i o n  o f  n o v e lty  
i s  n e v e r th e l e s s  v a l i d , i f  one a c c e p ts  th e  b a s i c  assum ption  
t h a t  th e  o v e r a l l  t r e n d  in  th e  e v o lu t io n  of l i f e  has  been 
from n o th in g  t o  som eth ing , from s im ple  to  complex, from 
i n i t i a l l y  low d i v e r s i t y  t o  h igh d i v e r s i t y .
Novel f e a t u r e s ,  " p re s e n c e /a b se n c e  c h a r a c t e r s " ,  a re  
t h e  most w idespread and g e n e r a l l y  u s e f u l  in  the  
d e te rm in a t io n  of p h y lo g e n ie s .  F o r exam ple, a form of 
r e l a t i v e  n o v e lty  in  d e t a i l s  o f  'com plex c h a r a c t e r s '  has 
a p p a r e n t ly  been th e  i m p l i c i t  c r i t e r i o n  by which b ranch in g  
in  c h a r a c t e r  s t a t e  t r e e s  has been r e c o g n iz e d .  S e ts  of 
more th a n  two c h a r a c t e r  s t a t e s  a r e  o f t e n  o rd e re d  o r  l in k e d  
in  an un roo ted  netw ork on th e  b a s i s  o f  o v e r a l l  s i m i l a r i t y  
(a p ro ce d u re  d is c u s se d  c r i t i c a l l y  below , on p. 116) .  More 
u s e f u l l y ,  some s o r t  o f  " s p e c i a l  s i m i l a r i t y "  w ith in  th e  
•complex c h a r a c t e r '  s t a t e s  can s e rv e  a s  a l o g i c a l  b a s i s  
f o r  r e c o g n iz in g  s u b s e t s  w i th in  a t o t a l  s e t  o f  c h a r a c te r
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 80
s t a t e s .  Such s u b s e t s  can be e x p re ssed  a s  a c h a r a c t e r  
s t a t e  t r e e ,  w i th in  which th e  c h a r a c t e r  s t a t e s  a re  o rd e red  
and l i n k e d .  T h is  form o f  t h e  method i s  somewhat 
a r t i f i c i a l  and n e e d le s s ly  c o m p l ic a te d ,  however, s i n c e  a l l  
such  d e t a i l s  o f  ‘complex c h a r a c t e r s '  can be so r te d  ou t a s  
c h a r a c t e r s  r e l e v a n t  t o  a s p e c i f i c  l e v e l  o f  g e n e r a l i t y ,  
i . e . ,  c h a r a c t e r i z i n g  a s u b s e t  o f t a x a .  In  te rm s  o f  t r e e s ,  
t h i s  i s  r e f l e c t e d  in  th e  f a c t  t h a t  a l l  t r e e s  w ith  more 
th a n  two s t a t e s ,  no m a t te r  what t h e i r  to p o lo g y ,  can be 
re s o lv e d  i n t o  a s e t  o f  s e v e r a l  tw o - s t a t e  t r e e s ,  which th en  
in c lu d e  a s  s e p a r a t e  c h a r a c t e r s  t h e  s p e c i a l  s i m i l a r i t i e s  
t h a t  p r e v io u s ly  d e f in e d  s u b s e t s  o f  s t a t e s .  (This i s  th e  
l o g i c a l  b a s i s  fo r  a d d i t i v e  b in a ry  c o d in g .)  Eecause of 
t h i s  e q u iv a le n c e ,  th e  d i s c u s s io n  h e re  w i l l  be l a r g e l y  in  
te rm s  of d e c id in g  th e  p o l a r i t y  o f  p a i r s  o f c h a r a c t e r  
s t a t e s ,  a l th o u g h  i t  i s  u n d en iab ly  o f te n  h e u r i s t i c  and 
u s e f u l  in  p r a c t i c e  t o  combine r e l a t e d  f e a t u r e s  i n to  
complex c h a r a c t e r s  and summarize them in  c h a r a c t e r  s t a t e  
t r e e s  com pris ing  more th an  two s t a t e s .
The d i s t r i b u t i o n  of c h a r a c t e r  s t a t e s  th ro u g h o u t  th e  
ontogeny of t h e  tax a  under s tu d y  i s  a n o th e r  c r i t e r i o n  f o r  
o r d e r in g  c h a r a c t e r  s t a t e s  in  a t r e e .  Although d i s c u s s io n s  
o f  ontogeny as  a so u rc e  o f  e v id e n ce  o f t e n  become e la b o r a t e  
( e . g . .  N elson , 1 9 7 8 ) ,  t h e  b a s ic  u s e f u l  p o in t  can be put 
q u i t e  s im p ly : th e  v a r i a t i o n  i n  morphology th rough
ontogeny i s  a n o th e r  so u rc e  o f  in fo rm a t io n  about t h e
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d i s t r i b u t i o n  o r  r e l a t i v e  g e n e r a l i t y  o f  c h a r a c t e r  s t a t e s  
w i th in  th e  ta x a  in  q u e s t i o n .  I f  th e  o n to g e n e t ic  seq uences  
were ob se rv ed  as  in  F ig u re  17A, c h a r a c t e r  s t a t e  a l  would 
be seen  t o  be co m p le te ly  g e n e r a l  and a2 to  have a more 
r e s t r i c t e d  and t h e r e f o r e  in f o rm a t iv e  d i s t r i b u t i o n .  Ihe 
s im p le s t  e x p la n a t io n  i s  t h a t  a l  was t h e  c o n d i t io n  i n  th e  
common a n c e s to r  o f  XYZ, and a2 i s  a s p e c i a l i z e d  c o n d i t io n  
r e s t r i c t e d  t o  th e  d e sce n d an ts  o f  th e  common a n c e s to r  of 
YZ.
I n  F ig u re  17B a more c o m p lica ted  example i s  proposed  
t o  i l l u s t r a t e  t h a t  t h e  seq uence  o f  s t a t e s  i n  ontogeny i s  
n o t  r e l e v a n t :  th e  r e l e v a n t  in fo rm a t io n  i s  th e  g e n e r a l i t y
o f  t h e  d i s t r i b u t i o n  o f  each  c h a r a c t e r  s t a t e .  Thus in  t h i s  
exam ple, s t a t e  a2 i s  seen  to  be mere g e n e r a l ,  and e i t h e r  
a l  o r  a3 o r  bo th  o f  r e s t r i c t e d  d i s t r i b u t i o n ,  r e p r e s e n t in g  
one o r  two embryonic a d a p t a t i o n s .  I f  we c o n s id e r  th e  
s p e c i f i c  example l i s t e d ,  i t  becomes c l e a r  t h a t  th e  more 
g e n e r a l  d i s t r i b u t i o n  o f a 2 ,  th e  a s s o c i a t i o n  between the 
c h o r io n ic  and a l l a n t o i c  membranes, i s  th e  main b a s i s  f o r  
t h e  i d e n t i f i c a t i o n  o f  th e  t r o p h o b la s t  o f  mammals a s  
homologous in  some s e n s e  w ith  t h e  ch o rio n  o f  r e p t i l e s .
The r e l a t i v e  g e n e r a l i t y  o f a l  v e r s u s  a3 would have to  be 
d e te rm in e d  from o th e r  e v id e n c e .  But th e  d i s t r i b u t i o n  o f 
c h a r a c t e r  s t a t e s  over th e  o n to g e n ie s  o f  th e  th r e e  t a x a  has 
d e m o n s tra ted  th e  more g e n e ra l  d i s t r i b u t i o n  o f  a2 i n  s p i t e  
o f  t h e  sequence  in  which t h e  c h a r a c t e r  s t a t e s  appeared
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w ith in  on togeny .
Neoteny i s  som etim es he ld  up a s  a phenomenon t h a t  
i n v a l i d a t e s  t h e  u se  o f  o n to g e n e t i c  e v id en ce  in  d e te rm in in g  
t h e  p o l a r i t y  o f  c h a r a c t e r  s t a t e s ,  th e  g e n e r a l i t y  of 
c h a r a c t e r s .  But a s  was th e  c a se  fo r  un iq ue  f e a t u r e s ,  
d i s c u s s e d  above, ' • l o s s ’* can be m is taken  f o r  “a b se n c e " :  
neo teny  can be m is taken  f o r  th e  p r i m i t i v e  absence  o f  a 
s p e c i a l i z e d  f e a t u r e .  Once t h i s  e q u iv a le n c e  i s  s e e n ,  i t  
becomes c l e a r  t h a t  neo ten y  i s  a d e r iv e d  c o n d i t io n  j u s t  as 
any o th e r  s o r t  o f  " l o s s "  i s  (p . 5 0 ) .  find a l s o  as w ith  any 
l o s s  o f  a f e a t u r e ,  t h e  i d e n t i f i c a t i o n  o f  neo teny  i s  an ad 
hoc h y p o th e s is  e r e c t e d  t o  save  some c l a d i s t i c  h y p o th e s is  
t h a t  i s  c o n t r a d ic te d  by th e  c h a r a c t e r  d i s t r i b u t i o n s  as  
o r i g i n a l l y  h y p o th e s iz e d .  Neoteny i s  no m ore, and no l e s s ,  
o f a problem t o  th e  u se  of o n to g e n e t ic  e v id e n c e  th a n  i s  
t h e  p o s s i b i l i t y  o f  r e v e r s a l  a problem to  t h e  use  o f  
ev id e n ce  from a d u l t  m orphology.
(R ecogn ition  t h a t  neo teny  i s  m erely  an ad hoc 
h y p o th e s is  of l o s s  makes i t  c l e a r  t h a t  i t  i s  no more o f  a 
" f a l s i f i e r  o f  on togeny" th an  r e v e r s a l  o r  l o s s  i s  o f  
c o m p ara tiv e  anatomy— i f  one f i n d s  u s e f u l  th e  idea  o f  
" f a l s i f y i n g ” a method anyway. N e ls o n 's  (1978; A rn c ld , 
1981; Nelson and P l a t n i c k ,  1981) problem w ith  neo teny  
e v a p o r a te s .  His a n a l y s i s  s u f f e r s  from two prim ary  f law s :  
f i r s t ,  c o n t r a r y  t o  h i s  u s a g e ,  "Necteny" i s  n e t  a so u rc e  o f  
e v id e n ce  in  t h e  s e t  com pris in g  "O ntogeny", "finatomy” , and
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• 'P a leo n to lo g y " .  Neoteny i s  an ad hoc h y p o th e s is ,  n o t  a 
m ethod, and l o g i c a l l y  sh ou ld  no t be t r e a t e d  as o f  t h e  same 
s t a t u s .  Second, w i th in  h i s  a n a l y s i s  o f  t h e  g e n e r a l i t y  o f  
c h a r a c t e r s ,  " l o s s "  i s  n o t  d i s t in g u i s h e d  from " a b se n c e " .
F i n a l l y ,  t h e r e  i s  an i n t e r e s t i n g  m i s i n t e r p r e t a t i o n  in  
N e ls o n 's  d i s c u s s io n  (1978) of t h e  s i g n i f i c a n c e  of th e  
a b i l i t y  t o  induce  m etam orphosis horm onally  i n  th e  a x o l o t l .  
R esponsiveness  to  growth hormone i s  n e i t h e r  in co n g ru en t 
n o r  c o r r o b o r a t iv e  of th e  h y p o th e s is  o f  n eo ten y : i f  the
a x o l o t l  had n o t  responded i t  would no t have c o n t r a d ic te d  
neo teny  because  i t  co u ld  have n eo te n o u s ly  l o s t  even the  
a b i l i t y  t o  re sp o n d . R esponsiveness  t o  th e  hormone, while 
c e r t a i n l y  congruen t w ith  s e v e r a l  p o s s ib le  t h e o r i e s  of 
g e n e t i c  and hormonal c o n t r o l  o f  m etam orphosis , on ly  t e s t e d  
and indeed  s t r o n g ly  c o n t r a d ic t e d  a h y p o th e s is  t h a t  th e  
a x o l o t l  was in c a p a b le  o f  d ev e lo p in g  a d u l t  f e a t u r e s ,  not a 
p a r t i c u l a r l y  u s e f u l  h y p o th e s is  in  t h i s  a n a l y s i s .  T h is  i s  
an example i l l u s t r a t i n g  th e  i n s u s c e p t i b i l i t y  to  t e s t  o f  
t h e  ad hoc hyp o th eses  of l o s s . )
Oddly enough, t h e  u se  of o n to g e n e t ic  ev id en ce  
su g g e s te d  h e r e —as a so u rc e  of ev id e n ce  abo u t th e  r e l a t i v e  
g e n e r a l i t y  of c h a r a c t e r  s t a t e s  w ith o u t  r e g a rd  to  
seq u en ce—has to  my Knowledge never been proposed b e f o r e .  
A l l  p re v io u s  o n to g e n e t ic  c r i t e r i a  have been based on th e  
sequence  of c h a r a c t e r  s t a t e s .  The c l a s s i c  
r e c a p i t u l a t i o n i s t  argument was t h a t  t h e  sequence  o f  forms
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i n  ontogeny d i r e c t l y  p a r a l l e l e d  th e  sequence  of form s in  
ph y log en y . Nelson and P l a tn i c k  (1981) r e c e n t l y  rev iv e d  
t h i s  c o n c e p t ,  t r y in g  to  a rgue  t h a t  th e  sequence  o f  s t a t e s  
in  ontogeny g iv e s  d i r e c t  in fo rm a t io n  ( i . e .  w ithou t 
r e f e r e n c e  to  a h i g h e r - l e v e l  phylogeny) about p o l a r i t y :  
" f e a t u r e s  t h a t  ap p ea r  e a r l y  in  development can be 
c o n s id e re d  p r im i t iv e  r e l a t i v e  to  th e  m o d i f ic a t io n s  o f 
th o s e  f e a t u r e s  t h a t  appear l a t e r  in  developm ent" ( i b i d . ,  
p .  3 7 ) .  However, t h e i r  j u s t i f i c a t i o n  from parsim ony i s  
c o m p le te ly  v a l id  fo r  th e  o n to g e n e t ic  c r i t e r i o n  I  have h e re  
p ro p o sed , w itho u t any need to  invoke th e  s e q uence o f  
s t a t e s  a s  p a r t  o f  th e  a n a l y s i s .
In  th e  same work, N elscn and P la tn ic k  (1981: 3 32) 
r e p e a te d  N e ls o n 's  (1978: 327) r e s ta te m e n t  o f  the  
b io g e n e t i c  law : "g iven  an o n to g e n e t ic  c h a r a c t e r
t r a n s f o r m a t io n ,  from a c h a r a c t e r  observed  to  be more 
g e n e ra l  t o  a c h a r a c t e r  observed  to  be l e s s  g e n e r a l ,  the  
more g e n e r a l  c h a r a c t e r  i s  p r im i t iv e  and th e  l e s s  g e n e ra l  
a d v an c ed ."  C a re fu l  c o n s id e r a t io n  r e v e a l s  t h a t  t h i s  
s ta te m e n t  i s  t r u e  bu t t r i v i a l .  I t  was shown above th a t  
c h a r a c t e r s  a re  h i e r a r c h i c a l :  th o s e  o c c u r r in g  e a r l i e r  in
phylogeny ("more p r im i t iv e " )  a r e  more g e n e ra l  and in c lu d e  
p h y l e t i c a l l y  younger, l e s s  g e n e ra l  ("advanced") 
c h a r a c t e r s .  T h is  p ro p e r ty  i s  t r u e  r e g a r d l e s s  of th e  
d i r e c t i o n  o f  any o n to g e n e t ic  t r a n s fo r m a t io n ,  as 
dem o n s tra ted  by th e  o c c u r re n c e  and r e c o g n i t io n  of f e t a l
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s p e c i a l i z a t i o n s .  (N e ls o n 's  v e r s io n  o f  th e  b io g e n e t i c  law 
i s  e q u iv a le n t  t o :  g iv en  an o n to g e n e t ic  c h a r a c te r
t r a n s f o r m a t io n ,  from a c h a r a c t e r  observed  to  be p r i m i t i v e  
(more g en e ra l)  t o  a c h a r c t e r  observed  to  be advanced ( l e s s  
g e n e r a l ) , th e  more p r i m i t i v e  c h a r a c t e r  i s  p r im i t iv e  and 
th e  advanced ad vanced . The in d ep en d en t c la u s e  i s  t r u e  by 
d e f i n i t i o n ,  r e g a r d l e s s  o f  th e  c o n te n t  o f  th e  f i r s t  c l a u s e .  
Ontogeny i s  a so u rc e  o f  ev idence  f o r  p o l a r i t y  not because  
o f  t r a n s f o r m a t io n s ,  b u t  because  i t  p ro v id e s  more forms 
over  which to  d e te rm in e  th e  g e n e r a l i t y  o f  each  c h a r a c te r  
s t a t e ' s  d i s t r i b u t i o n  and t h e r e f o r e  e n ab le  d e te rm in a t io n  o f  
w hether t h a t  s t a t e  i s  p r im i t iv e  o r  d e r iv e d  r e l a t i v e  to  
r e l a t e d  s t a t e s .
C h a ra c te r  t r a n s fo r m a t io n  in  ontogeny can  p ro v id e  
a d d i t i o n a l  in f o r m a t io n .  J u s t  a s  in  s t e p  1 (F igure  1 5 ) ,  in  
which s i m i l a r  o n to g e n ie s  were c o n s id e re d  c o r r o b o ra t io n  
(and d i s s i m i l a r  o n to g e n ie s  c o n t r a d ic t io n )  o f  th e  
h y p o th e s is  t h a t  th e  c h a r a c t e r  s t a t e s  i n  two taxa  were th e  
same, s i m i l a r l y  in  s t e p  2 , th e  t r a n s fo r m a t io n  in  taxon  X 
of a c h a r a c t e r  s t a t e  re sem b ling  more c lo s e l y  th e  a d u l t  
c o n d i t io n  in  tax o n  Y from o r  i n t o  a d i f f e r e n t  s t a t e  in  X 
im p l ie s  t h a t  th o s e  two c h a r a c t e r  s t a t e s  a r e  c lo s e ly  
r e l a t e d  (they c e r t a i n l y  sh a re  s i m i l a r  o n to g e n e t ic  
developm ent) and sh o u ld  be l in k e d  in  a t r a n s fo r m a t io n  
s e r i e s ,  a l th o u g h  d i r e c t i o n  c f  t h a t  s e r i e s  i s  not 
i n d i c a t e d .  T h is  might have been N e lso n 's  (1973) p o in t
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s in c e  he e x p l i c i t l y  disavowed a c c e p ta n c e  o f a 
r e c a p i t u l a t i o n  a rg u m en t.  However, in  h i s  example and 
d i s c u s s io n  h e re  and l a t e r  (1978; Nelson and P l a t n i c k ,
19 81 ) ,  t h e  d i r e c t i o n  o f  th e  t r a n s f o r m a t io n  was accorded  
s i g n i f i c a n c e .  To argue  t h a t  th e  d i r e c t i o n  o f  
t r a n s fo rm a t io n  p a r a l l e l s  th e  d i r e c t i o n  o f  phylogeny 
c o n s t i t u t e s  an a d d i t i o n a l  a ssum p tion  (Wiley 1981: 15U), 
one d is c u s se d  e x te n s iv e ly  by Gould (1977) and shown to  be 
c e r t a i n l y  no t w ith o u t e x c e p t io n .
I f  one were w i l l i n g  t o  make th e  assum ption  t h a t  more 
c lo s e l y  r e l a t e d  tax a  have very  s i m i l a r  o n to g e n e t ic  s ta g e s  
f o r  a lo n g e r  span  of t h e i r  on to geny , then  one co u ld  use 
t h a t  a s  an i n t e r p r e t i v e  th e o ry  t o  a rg u e  t h a t  two f e a t u r e s  
t h a t  have a g r e a t e r  number o f s i m i l a r  e a r l y  o n to g e n e t ic  
s t a g e s  a r e  to  be more c lo s e ly  l in k e d  i n  a c h a r a c t e r  s t a t e  
t r e e ,  and t h a t  a f e a t u r e  w ith  few er s i m i l a r  s t a g e s  i s  
r e l a t i v e l y  p r i m i t i v e .  Again I  d e c l in e  to  ad o p t  such  an 
a ssu m p tio n :  th e  i n t e r a c t i o n  between phylogeny and
d i f f e r e n t i a t i o n  seems to  me e n t i r e l y  to o  complex anc 
d iv e r s e  t o  make such a s i m p l i s t i c  assum ption  very r e l i a b l e  
w ith o u t  a g r e a t  d e a l  more c r i t i c a l  a n a l y s i s  than  i s  
p ro v id ed  h e re .  And in  bo th  t h i s  case  and t h e  one in  th e  
p re c e e d in g  p a ra g ra p h ,  s u f f i c i e n t l y  d e t a i l e d  o n to g e n e t ic  
in fo rm a t io n  i s  so  r a r e  f o r  e x t i n c t  t a x a ,  and even most 
r e l e v a n t  e x ta n t  t a x a ,  t h a t  such an a ssum ption  would not be 
p ro d u c t iv e  f o r  t h e  p r e s e n t  s tu d y .
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In  ve ry  g e n e ra l  te rm s ,  how ever, th e  c r i t e r i o n  c f  
d i s t r i b u t i o n  o f  c h a r a c t e r  s t a t e s  th ro u g h o u t  o n to g e n ie s  
o f t e n  p ro v id e s  e v id e n ce  f o r  p o l a r i t y  a s  d e s c r ib e d  above. 
I n t e r e s t i n g l y ,  th e  f i r s t  c r i t e r i o n ,  t h a t  o f  n o v e lty  or 
r e s t r i c t e d  d i s t r i b u t i o n ,  can be c o n s id e re d  a s p e c i a l  c ase  
o f  th e  o n to g e n e t ic  c r i t e r i o n ,  and i f  one do es  s o ,  i t  i s  by 
f a r  t h e  most common s i t u a t i o n :  i f  in  F ig u re  17A,
c h a r a c t e r  s t a t e  a l  i s  th e  absence  of  a f e a t u r e  and a2 i t s  
p r e s e n c e ,  th e  o n to g e n e t ic  sequence  shown i s  a lm ost always 
o b s e rv e d .  Almost a l l  a d u l t  f e a t u r e s  a r e  co m p le te ly  a b se n t  
in  e a r l y  embryonic s t a g e s .  "Absence** i s  th e  most g e n e ra l  
and u n i v e r s a l l y  p r i m i t i v e  c h a r a c t e r  s t a t e .
T e ra to lo g y  p ro v id e s  a f i n a l  b i t  o f  o n to g e n e t ic  
ev id e n ce  f o r  p o l a r i t y .  As S tev en s  (1980) n o te d ,  
deve lo pm en ta l  a b n o rm a l i t ie s  s u r p r i s i n g l y  o f t e n  app ea r  
s i m i l a r  t o  c h a r a c te r  s t a t e s  seen  in o t h e r  t a x a .  T h is  
phenomenon i s  g e n e r a l ly  i n t e r p r e t e d  t o  be t h e  r e s u l t  o f 
t h e  a b e r r a n t  e x p re s s io n  o f  some q u ie s c e n t  gene sequences 
r e p r e s e n t i n g  th e  p r i m i t iv e  c o n d i t i o n .  Whatever th e  
g e n e t i c  b a s i s ,  th e  im p o r ta n t  th in g  t o  be no ted  h e re  i s  
t h a t  th e  o c cu rren c e  o f  a c h a r a c t e r  s t a t e  in  a tax o n  in  
which i t  i s  n o t  u s u a l ly  seen  in c r e a s e s  th e  r e l a t i v e  
g e n e r a l i t y  o f t h a t  s t a t e ' s  d i s t r i b u t i o n ,  and on t h a t  b a s i s  
a lo n e  shou ld  be i d e n t i f i e d  as th e  p r i m i t i v e  c o n d i t i o n .
A t h i r d  c r i t e r i o n  may be d e r iv e d  from ou r  a ssum ptions  
t h a t  phylogeny o c c u r r e d ,  accompanied by c h a r a c te r
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t r a n s f o r m a t io n ,  by r e c o g n iz in g  t h a t  p r i m i t i v e  c h a r a c te r  
s t a t e s  must be a b s o l u te ly  o ld e r  th an  r e l a t i v e l y  d e r iv ed  
s t a t e s ,  S t r a t i g r a p h i c  p o s i t io n  g iv e s  us th e  r e l a t i v e  age 
o f  th e  f i r s t  observed  o ccu rren ce  of each  c h a r a c t e r  s t a t e .  
(Almost a l l  p re v io u s  d i s c u s s io n s  of s t r a t i g r a p h i c  sequence 
have u n n e c e s s a r i ly  and u n f o r tu n a t e ly  added some 
q u a l i f i c a t i o n ,  such a s  “w ith in  th e  l in e a g e * ,  t h a t  im p l ie s  
some a p r i o r i  Knowledge of th e  phy logeny . Such 
q u a l i f i c a t i o n s  would remove t h i s  c r i t e r i o n  from u s e f u ln e s s  
in  c h a r a c t e r  a n a l y s i s .  I t  i s  o n ly  n e c e s s a ry  t h a t  th e  
c h a r a c t e r  s t a t e s  a r e  homologous such t h a t  th e  q u e s t io n  o f  
p o l a r i t y  makes s e n s e . )
As w ith  th e  f i r s t  two c r i t e r i a ,  i t  i s  p o s s ib le  to  
d e c id e  t h a t  m is ta k es  have been made, a s  shown by ad hoc 
h y p o th e s e s ,  b u t  t h a t  p o s s i b i l i t y  a lo n e  o f  c o u rs e  does n o t  
n e g a te  t h e  p o t e n t i a l  u t i l i t y  o f  s t r a t i g r a p h i c  sequence as  
e v id en ce  f o r  p o l a r i t y .  As w ith any c r i t e r i o n  fo r  
p o l a r i t y ,  o r  indeed  any subseq uen t s t a g e  in  p h y lo g en e tic  
a n a l y s i s ,  e r ro n e o u s  c o n c lu s io n s  can a r i s e  from m is takes  in  
o u r  hy p o th eses  o f  homclogy ( r e s u l t s  o f  s t e p  1) or from 
m is ta k es  o r  gaps in  o u r  d i s t r i b u t i o n a l  d a ta  (what an im als  
p o s s e s s  th e  c h a r a c t e r  s t a t e  a t  what p o in t  i n  t h e i r  
o n to g en y , and in  t h i s  c a s e ,  what a r e  th e  g e o lo g ic  ages  of 
th o s e  a n im a l s ) . The p e r t i n e n t  q u e s t io n  in  t h i s  c a s e  i s  
t h e  e x p ec ted  f req u en cy  o f  m is ta k e s .  One o f  the  
a ssum p tions  behind  t h e  m o rp ho lo g ica l  a n a l y s i s  i s  t h a t  we
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o b ta in  t h e  r i g h t  answer o f te n  enough t o  be a b le  t o  p u l l  
t h e  s i g n a l  (p h y lo g e n e tic  r e l a t i o n s h i p s )  o u t  o f  th e  n o ise  
( m i s i d e n t i f i c a t i o n s ,  co n v e rg en c e s ,  r e v e r s a l s ,  n e o te n y ) .
An e q u iv a le n t  assum ption  f o r  p o l a r i t i e s  i n f e r r e d  from 
s t r a t i g r a p h i c  sequence  i s  much l e s s  sound: as has o f te n
been n o te d ,  t h e  f o s s i l  r e c o rd  v a r i e s  w ide ly  in  i t s  
c o m p le te n e s s ,  and can be q u i t e  m is le a d in g ,  a s  has been 
o c c a s io n a l ly  dem onstra ted  by s u r p r i s i n g  ran g e  e x te n s io n s  
f o r  some t a x a .
Our r i s k  of e r r o r  must vary  w idely  i f  t h i s  a p p a r e n t ly  
g r e a t  v a r i a t i o n  in  com ple teness  i s  t r u e  (see review  by 
Raup, 1979). Confounding th e  problem i s  th e  r e a l i z a t i o n  
t h a t  we have no very d i r e c t  e v id e n ce  ab ou t th e  magnitude 
o f  o u r r i s k  o f  e r r o r  in  any g iven  c a s e ,  so  we canno t 
e a s i l y  judge  when i t  i s  r e a s o n a b le  to  use  s t r a t i g r a p h i c  
sequence  a s  ev idence  o f  p o l a r i t y  and when n o t .  While n o t  
d e c id in g  in  d e s p a i r  o r  f o r  s o c i o - p o l i t i c a l  re a so n s  to  
ig n o re  p a l e o n to l o g i c a l  e v id en ce  a l t o g e t h e r ,  I  do g iv e  
h ig h e r  p r i o r i t y  in  c a s e s  o f  c o n f l i c t i n g  e v id en ce  to  
n o v e l ty  and ontogeny a s  i n d i c a t o r s  of p o l a r i t y ,  and would 
in  any c a se  u se  s t r a t i g r a p h i c  sequence  on ly  when t h e  
re c o rd  a p p ea rs  t o  me dense enough to  red u ce  th e  l ik e l ih o o d  
o f  i n c o r r e c t  c o n c lu s io n s .  Such a c o n s e r v a t iv e  approach i s  
based on my judgment o f  th e  soundness o f  th e  assum ptions 
abou t t h e  frequency  o f  m is ta k e s  i n  th e  'e m p i r i c a l  
o b s e r v a t i o n s '  r e l a t i v e  t o  t h i s  l e v e l  o f  a n a l y s i s ;  t h i s
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c r i t e r i o n  i s  s t i l l  a s  l o g i c a l l y  v a l id  a s  n o v e l ty  o r  
o n tog en y , both  o f  which r e q u i r e  p a r a l l e l  a s su m p tio n s .
One p o in t  i s  im p o r ta n t  t o  r e i t e r a t e  b ecause  o f  i t s  
d e v ian ce  from th e  c u r r e n t  s y s te m a t i c  l i t e r a t u r e :  t h e
e v id e n c e  i s  t h e  r e l a t i v e  ag es  o f  f i r s t  o ccu rren ce  o f  th e  
c h a r a c t e r  s t a t e s  in  q u e s t io n ,  w ith o u t  re g a rd  to  th e  group 
membership o f  th e  t a x a  in v o lv e d .  Of c o u r s e ,  som ething 
abo u t group membership i s  im p l i e d ,  in  t h a t  t h e  two 
c h a r a c t e r  s t a t e s  must be th o u g h t  homologous, which then 
im p l ie s  t h a t  t h e r e  i s  some c h a r a c t e r  t h a t  i n c lu d e s  th o se  
two c h a r a c t e r  s t a t e s ,  and seme g ro u p , a l l  o f  whose members 
p o s s e s s  t h a t  c h a r a c t e r  in  some fo rm , i n c lu d in g  th e  taxa  
b e a r in g  th e  two c h a r a c t e r  s t a t e s  in  q u e s t i o n .  But th e  
o v e r a l l  d i s t r i b u t i o n  of t h a t  c h a r a c t e r  need not be known, 
no r t h e  group r e c o g n iz e d .  And c e r t a i n l y  t h e r e  i s  no 
a n c e s t r a l - d e s c e n d a n t  r e l a t i o n s h i p  im p l ie d :  th e  ta x a
b e a r in g  th e  c h a r a c t e r  s t a t e s  in  q u e s t io n  do not have to  
be long  to  th e  same " l i n e a g e ” (c o n tra  K luge, 1977, f o r  
e x am p le ) . Nor does a c r i t e r i o n  o f  s t r a t i g r a p h i c  
p reced en ce  imply t h a t ,  i f  an im al X i s  o ld e r  than anim al Y, 
a l l  o f  X*s c h a r a c te r  s t a t e s  a r e  p r im i t iv e  r e l a t i v e  t c  Y*s: 
t h e  e v id e n ce  i s  th e  sequence  of f i r s t  o c c u rre n c e  o f  the  
c h a r a c t e r  s t a t e s ,  n o t  o f  t a x a .  Animal Y may sh a re  some 
c h a r a c t e r  s t a t e s  w ith  an im als  o ld e r  th a n  X w hile  some o f  
t h e  c o rre sp o n d in g  c o n d i t i o n s  i n  X m ight be r e l a t i v e l y  
d e r iv e d .
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O th e r  c r i t e r i a  f o r  d e te rm in in g  po l a r i t y . —Recent 
rev ie w s  have summarized a rem arkab le  number o f c r i t e r i a  
f o r  d e c id in g  t h e  p o l a r i t y  o f  a p a i r  o r  s e r i e s  o f  c h a r a c t e r  
s t a t e s  ( e . g . ,  A rnold , 1981; C r i s c i  and S tu e s s y ,  1980; de 
Jo n g , 1980; Marx and Rabb, 1970; S te v en s ,  1 9 8 0 ) .  S ince 
some o f  t h e s e  c r i t e r i a  appear t o  be w id e ly  a c c e p te d ,  i t  
may be u s e f u l  to  e x p la in  my r e j e c t i o n  o f them .
The t h r e e  c r i t e r i a  d is c u s se d  in  th e  p re v io u s  s e c t io n  
fo l lo w  l o g i c a l l y  from th e  assum p tion s  o u t l i n e d  on p p . 39 
to  ftl:  i f  th o se  a ssu m p tio n s  a t e  t r u e ,  th en  th e se  c r i t e r i a
a r e  a lw ays v a l i d .  The o n ly  so u rc e  o f e r r o r  w i l l  be in  ou r  
a b i l i t y  t o  rec o g n iz e  th e  hom ologies of th e  v a r io u s  
c h a r a c t e r  s t a t e s ,  most im p o r ta n t ly  th e  a b i l i t y  to  
d i s t i n g u i s h  between l o s s  and ab sen ce  o f  a f e a t u r e ,  and in  
t h e  co m p le ten ess  o f  our in f o r m a t io n .  But i f  o u r  
a ssu m p tio n s  a r e  t r u e  (and t c  my knowledge th e y  have not 
y e t  been r e f u t e d  e l s e w h e r e ) , i f  we could  re c o g n iz e  a l l  
hom ologies c o r r e c t l y , and i f  ou r  in fo rm a tio n  were 
c o m p le te ,  th en  th e  p o l a r i t y  in d ic a te d  by any of th e  t r e e  
c r i t e r i a  must be t r u e .
In  c o n t r a s t ,  th e  b e s t  of th e  o t h e r  c r i t e r i a  proposed 
in  rev iew s r e q u i r e  a d d i t i o n a l  a s su m p tio n s ,  u s u a l ly  about 
s p e c i f i c s  o f  t h e  m echanics of e v o lu t i o n .  F u r th e rm o re ,  
even i f  a l l  a ssum ptions  a r e  t r u e  and our in fo rm a t io n  
com ple te  and a c c u r a t e ,  th e  p o l a r i t y  i n d i c a t e d  by t h e s e  
c r i t e r i a  i s  a t  b e s t  o n ly  1Ik e ly  t o  be t r u e .  I t  i s  always
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p o s s ib l e  under such c r i t e r i a  t h a t  we co u ld  c o n tin u e  to  
t e s t  and c o r ro b o ra te  our a ssu m p tio n s  and e v id e n c e ,  g a th e r  
more and more e v id e n c e ,  and s t i l l  be f l a t l y  wrong i n  our 
c o n c lu s io n  w ith  no means o f  d is c o v e r in g  th e  e r r o r  ex cep t  
by re c o u rs e  to  o th e r  c r i t e r i a .
O ut-group com parison has a s t a t u s  d i f f e r e n t  from t h a t  
of th e  t h r e e  c r i t e r i a  in  c h a r a c t e r  a n a l y s i s ,  in  t h a t  i t  
r e g u i r e s  f o r  each a p p l i c a t io n  th e  assum ption  o f  a s p e c i f i c  
phy logeny : t h e  monophyly o f  t h e  group under s tudy  must be
assum ed. Thus o u t-g ro u p  com parison i s  o n t o l c g i c a l l y  p a r t  
of c l a d i s t i c  a n a l y s i s  and no t c h a r a c t e r  a n a l y s i s .  The u se  
o f  t h i s  c r i t e r i o n  p re su p p o se s ,  even i f  by a long r e g r e s s ,  
t h e  a p p l i c a t i o n  a t  some p o in t  o f  some o th e r  c r i t e r i o n  t o  
e s t a b l i s h  t h e  c h a r a c t e r s  used to  re c o g n iz e  th e  i n i t i a l  
m onophy le tic  g ro u p . Novelty  and r e s t r i c t e d  d i s t r i b u t i o n  
c o n s t i t u t e  th e  c r i t e r i a  most o f t e n  used t o  e s t a b l i s h  th e  
i n i t i a l  monophyly o f  th e  group w ith in  which the  
p h y lo g e n e t ic  r e l a t i o n s h i p s  a r e  t o  be d e te rm in e d ,  a f t e r  
which o u t -g ro u p  comparison m ax im izes .th e  parsimony of th e  
rem ain ing  c h a r a c t e r  h y p o th eses  w ith in  th e  c o n te x t  o f  a now 
assumed monophyly.
S e v e ra l  c r i t e r i a  t h a t  have been r e p e a te d ly  proposed 
a r e  l o g i c a l l y  i n v a l i d .  For exam ple , v a r io u s  forms of a 
"com m onality” p r i n c i p l e  have been p ro posed . Sometimes 
o u t-g ro u p  comparison i s  m eant. Sometimes t h e  c r i t e r i o n  
s t a t e s  t h a t  t h e  most common c h a r a c t e r  s t a t e  w ith in  th e
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group under s tu d y  i s  p r i m i t i v e .  This v e r s io n  i s  e a s i l y  
shown to  be i n v a l i d :  t h e r e  i s  n o th in g  t o  p r e c lu d e ,  fo r
example a o n e - s t a t e  c h a r a c t e r  d e f in in g  a group com prising  
t h e  v a s t  m a jo r i ty  o f th e  t a x a ,  and th e  rem ain in g  few tax a  
p o s s e s s in g  th e  homologous p r i m i t iv e  c h a r a c t e r  s t a t e .  Some 
a u th o r s  have t r i e d  t o  r e d e f in e  what i s  meant by most 
common to  av o id  such s i t u a t i o n s :  Kluge (1976: 2 2 ) ,  fo r
exam ple , em phasizes t h a t  "a  c h a r a c t e r  s t a t e  should  be 
c o n s id e re d  w idespread  on ly  when i t  i s  e x h ib i t e d  by s e v e r a l  
t a x a  t h a t  o th e rw is e  have l i t t l e  in  common.” This w i l l  
s t i l l  no t be i n v a r i a b l y  t r u e  (m is takes  in  homology a s id e )  
s i n c e  in  r e a l i t y  n o th in g  p re c lu d e s  th e  p r i m i t iv e  c h a r a c t e r  
s t a t e  being  r e t a in e d  by on ly  one s p e c ie s  o r  one 
m on oph y le tic  group in  th e  e n t i r e  group under s tu d y ,  ft 
p o t e n t i a l  so u rc e  o f  c o n fu s io n  can be avo ided  i f  i t  i s  k e p t  
in  mind t h a t - t h e  r e l a t i v e l y  p r im i t iv e  c h a r a c t e r  i s  th e  
more g e n e r a l ly  d i s t r i b u t e d  because  i t  com prises  th e  most 
p r i m i t i v e  c h a r a c t e r  s t a t e  (which may be r a r e  o r  common) 
a n d a l l  d e r iv e d  c h a r a c t e r  s t a t e s  ( a l l  m o d if ic a t io n s  of 
t h a t  c h a r a c t e r ) .
T here  i s  a l s o  th e  s t r o n g  f l a v o r  i n  K luge’s  v e r s io n  o f  
an a p r i o r i  phylogeny : even i f  " s e v e r a l  t a x a "  i s
i n t e r p r e t e d  t o  mean th e  s m a l l e s t  u n i t s  be in g  s tu d i e d ,  
" o th e rw is e  have l i t t l e  in  common” im p l ie s  more d i s t a n t l y  
r e l a t e d  ta x a  w i th in  t h e  g roup , a judgment t h a t  i s  t o  be 
t h e  r e s u l t  o f  th e  a n a l y s i s ,  n o t  an a ssu m p tio n .  Arguing
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from th e  o p p o s i te  d i r e c t i o n ,  E s tab ro ok  (1977) p o in t s  ou t 
t h a t  w h i le  "common i s  p r im i t iv e "  nay no t n e c e s s a r i l y  be 
e v o l u t i o n a r i l y  c o r r e c t ,  employment of t h a t  c r i t e r i o n  w i l l  
h e lp  m inim ize th e  number o f  converg ences  and r e v e r s a l s  
r e q u i r e d  by t h e  b e s t - f i t t i n g  cladcgram  i n  c l a d i s t i c  
a n a l y s i s ,  and t h e r e f o r e  might be p r e f e r r e d  in  o rd e r  to  
maximize parsim ony a t  t h a t  h ig h e r  l e v e l  o f  a n a l y s i s .  T h is  
r e a s o n in g ,  which a l s o  removes t h e  c r i t e r i o n  from c h a r a c t e r  
a n a l y s i s  t o  c l a d i s t i c  a n a l y s i s ,  w i l l  be d is c u s se d  below 
(pp . 1 0 8 ff )  .
A nother form of a c o r r e l a t i o n  c r i t e r i o n  i s  t h e  idea  
t h a t  p r i m i t i v e  s t a t e s  a re  mere l i k e l y  to  co -o ccu r  ( e . g . ,  
A rn o ld , 1981; C r i s c i  and S tu e s s y ,  1 9 8 0 ) ,  f o r  which 
e x p e c ta t io n  I  can f i n d  no l o g i c a l  b a s i s  w ha tso ev e r ,  a t  t h e  
l e v e l  o f  c h a r a c t e r  a n a l y s i s .  A r e l a t e d  concep t i s  th e  
id e a  o f  a " p r im i t iv e  taxon"  (rampant in  C r i s c i  and 
S tu e s s y ,  1980; c l e a r l y  im plied  in  Kluge and F a r r i s ,  1969, 
and K luge, 1 9 7 6 ) .  One need o n ly  c o n s id e r  t h a t  even a 
s p e c i e s  t h a t  i s  th e  s i s t e r  group of a l l  o th e r  ta x a  in  th e  
s tu d y  may f a i r l y  re e k  w ith au tapom orphies  t o  se e  t h a t  a 
c o n ce p t  o f  a " p r i m i t i v e  s p e c i e s ” i s  a m is le a d in g  o n e .
Numerous o th e r  c r i t e r i a  have been p ro p o se d ,  most o f  
which a re  s a t i s f a c t o r i l y  shown in a d e q u a te  by de Jong 
(1980). Of t h e  seven c r i t e r i a  t h a t  de Jong a c c e p t s ,  one 
i s  o u t-g ro u p  com parison , one i s  a  v e r s io n  o f  a c r i t e r i o n  
o f g e o lo g ic a l  p rec ed e n c e ,  and th e  rem ain ing  f iv e  a l l
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 95
r e g u i r e  u n r e a l i s t i c  a ssu m p tio n s  o r  u n o b ta in a b le  d a ta  o r  
b o th .  Me a r e  l e f t  w ith  t h r e e  v a l i d  c r i t e r i a ,  n o v e l ty ,  
o n to g en y , and p a le o n to lo g y ,  i n  c h a r a c t e r  a n a l y s i s ,  and one 
c r i t e r i o n ,  o u t-g ro u p  com parison , in  c l a d i s t i c  a n a l y s i s .
Ad hoc h y p o th e s e s . —C o n f l i c t  among v a r io u s  p i e c e s  o f  
e v id e n c e  and th e  r e s u l t i n g  an o m a lie s  t h a t  c o n t r a d i c t  th e  
c u r r e n t  h y p o th e s is  a r e  e x p la in e d  by ad hoc h y p o th e s e s .  
These hypo theses  do n o t  add t o  th e  in fo rm a t io n  c o n te n t  o f  
t h e  h y p o th e s is  th ey  a r e  p r o t e c t i n g ,  n o r  do th ey  r e f u t e  th e  
anomalous e m p i r ic a l  o b s e r v a t i o n s .  Ad hoc h y p o th eses  
sh o u ld  a lw ays be minimized in  o r d e r  t o  maximize th e  
parsim ony o r  e x p la n a to ry  power o f  th e  c u r r e n t  h y p o th e s i s ,  
b u t  can n o t be e n t i r e l y  avo ided  {c o n tr a  G h i s e l i n ' s  (1980) 
w is h e s ) .  As m entioned e a r l i e r ,  t h e r e  a r e  n e a r ly  a lw ays 
anom alous, c o n t r a d i c t o r y  d a ta  r e l a t i v e  t o  even th e  b e s t  
h y p o th e s is ;  o u r  goal c o n t in u e s  t o  be a h y p o th e s is  t h a t  
a c c o u n ts  f o r  a s  much o f  th e  r e l e v a n t  d a ta  a s  p o s s i b l e .  
V ario u s  ad hoc h y p o th eses  a r e  u sed  a t  d i f f e r e n t  s t a g e s  in  
p h y lo g e n e t ic  a n a l y s i s .
T ab le  « summarizes th e  s t e p s  in  c h a r a c t e r  and 
c l a d i s t i c  a n a ly s e s ,  and th e  ad hoc h y p o th eses  t h a t  may be 
invoked a t  each  s t e p .  C o n t r a d ic t io n s  may a r i s e ,  f o r  
exam ple, am ong.the v a r io u s  ’e m p i r ic a l  o b se rv a t io n s*  used 
t o  c o n s t r u c t  and e v a lu a te  v a r io u s  h y p o th e se s  o f t h e  form 
• f e a t u r e  X in  taxon  A i s  th e  same a s  f e a t u r e  X in  taxon  
B*. Numerous c a t e g o r i e s  o f  ad hoc e x p la n a t io n s  su p p ly
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p o s s ib l e  e x p la n a t io n s  o f  such a n o m a lie s .  For exam ple, th e  
e lo n g a te  c o n d i t io n  o f  t h e  u ln a  o f  h o rse  A i s  homologous 
w ith  t h e  e lo n g a te  c o n d i t io n  o f  h o r s e  B, compared w ith  th e  
u ln a  o f  a r h in o c e r o s ,  i a  s p i t e  o f  (and h e re  i s  th e  ad hoc 
h y p o th e s is )  t h e  i n d iv id u a l  v a r i a t i o n  r e f l e c t e d  in  A 's  u ln a  
( thoroughbred) a c t u a l l y  be ing  p r o p o r t io n a te l y  lo n g e r  than  
B 's  u ln a  (C ly d e s d a le ) .
A l l  ad hoc h y p o th eses  in  t h i s  c a te g o ry  argue 
b a s i c a l l y  t h a t  morphology t h a t  a p p a r e n t ly  c o n t r a d i c t s  th e  
h y p o th e s is  o f  's a m e n e ss '  e i t h e r  i s  n o t  a c r i t i c a l  anomaly 
(due t o  i n d iv id u a l  v a r i a t i o n )  o r  i s  n o t  what i t  a p p ea rs  t o  
be (due t o  b reakage  r a t h e r  than  th e  r e a l  m orphology, o r 
due t o  en v iro nm en ta l  in f lu e n c e  r a t h e r  th an  a h e r i t a b l e  
f e a t u r e  s i g n i f i c a n t  i n  o u r  a n a l y s i s ) .  In  o th e r  w ords, 
t h e s e  ad hoc hy p o th eses  deny th e  t r u t h  o f  some in fo rm a tio n  
from l e v e l  I —morphology. Nest i f  not a l l  o f  th e  ad hoc 
h y p o th eses  a t  s te p  1 ,  a s  w e ll  a s  th e  a p p l i c a t i o n  o f  the  
i n t e r p r e t i v e  t h e o r i e s  (such as  th e s e  used to  d e c id e  what 
i s  l i k e l y  t o  be h e r i t a b l e  o r  n o t ,  e t c . )  ap p ea r  t o  me to  be 
t e s t a b l e .  For exam ple , b reed in g  experim en ts  and r a i s i n g  
o f  th e  o f f s p r i n g  in  c o n t r o l l e d  env ironm en ts  would 
d e m o n s tra te  i f  th e  c o n d i t io n  o f  some f e a t u r e  i s  
e n v iro n m e n ta l ly  induced  or n o t .  Such ad hoc hypo theses  
a r e  employed t o  dea l  w ith  c o n t r a d i c t i o n s  u n t i l  t h e  p o in t  
i s  reach ed  t h a t  th e  i n v e s t i g a t o r  d e c id es  t h a t  i t  i s  more 
p a rs im o n io u s  t o  r e v i s e  t h e  i n i t i a l  h y p o th e s i s .  C le a r ly ,
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t h e  deg ree  to  which t h e  ad hoc h y p o th eses  a r e  them se lves  
c o r ro b o ra te d  would a f f e c t  hew soon such a p o in t  i s  
r e a c h e d .
At s te p  2 ,  th e  form s o f  t h e  ad hoc hypo theses  a r e  
l e s s  num erous, and t h e r e  i s  a s t r o n g  b ia s  in  fa v o r  o f  one 
o v e r  t h e  o t h e r s .  C o n t ra d ic to ry  ev id en ce  f o r  th e  r e l a t i v e  
p r im i t iv e n e s s  of c h a r a c t e r  s t a t e s  may come from t h e  t h r e e  
c r i t e r i a  advoca ted  h e re  (F igure  1 5 ) .  I f  th e  f o s s i l  reco rd  
d i s a g r e e s  with e i t h e r  o f  th e  o t h e r  two, th e  ad hoc 
h y p o th e s is  i s  alm ost alw ays " in c o m p le te n e ss  of th e  f o s s i l  
r e c o r d ” .
The r e s u l t  i s  n o t  so  c e r t a i n  i n  th o se  r a r e r  c a s e s  in  
which ontogeny and n o v e l ty  d i s a g r e e .  In  th e  case  o f  
w h a les ,  f o r  exam ple, th e  b a le e n  w hales lack  t e e th  a s  
a d u l t s  w h ile  th e  o d o n to c e te s  have t e e t h .  The c r i t e r i o n  o f  
n o v e l ty  would d i c t a t e  t h a t  absence  i s  th e  g e n e ra l  s t a t e  
and p re sen c e  t h e  d e r iv e d .  But o n to g e n e t ic  in fo rm a tio n  
d e m o n s tra te s  th e  r e l a t i v e  g e n e r a l i t y  o f  t e e t h  in  t h e  
m y s t ic e te s :  t e e t h  dev e lo p  b r i e f l y  and a r e  su b seq u e n tly
re s o r b e d .  So we a c c e p t  an ad hoc h y p o th e s i s ,  r e l a t i v e  t o  
t h e  d i s t r i b u t i o n  a c ro s s  th e  a d u l t  m o rph o log ies ,  t h a t  what 
lo o k s  l i k e  th e  u n i v e r s a l  p r i m i t iv e  c o n d i t io n  "ab sen ce” in  
m y s t ic e te s  i s  r e a l l y  " l o s s 5*, a d e r iv e d  c o n d i t io n .
A s i m p l i s t i c  c o n t r a s t i n g  example may be found in  t h e  
r e l a t i v e  b ra in  s i z e  i n  th e  g r e a t  a p e s ,  and e s p e c i a l l y  
humans, v e rsu s  o th e r  c h o rd a te s :  th e  n o v e l ty  c r i t e r i o n
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d i c t a t e s  t h e  absence  of c e p h a l i z a t io n  would be p r i m i t i v e ,  
and combined w ith  th e  c l a s s i c  t r a n s f o r m a t i o n i s t  model (see  
p. 1 1 6 ) ,  th e  o th e r  end o f  th e  sp e c tru m , e x e m p li f ie d  by th e  
l a r g e  hominid b ra in  r e l a t i v e  to  body w e ig h t ,  must be 
d e r iv e d .  However, when one lo o k s  a t . c h o r d a t e  em bryos, 
e a r l y  f e t u s e s  have p r o p o r t i o n a t e l y  ve ry  l a r g e  b r a i n s  fo r  
t h e i r  body s i z e .  In c o n t r a s t  t o  th e  p re v io u s  exam ple, 
r a t h e r  th a n  p o s t u l a t e  th e  lo s s  o f  l a r g e  b r a in  s i z e  in  
o t h e r  c h o rd a te s ,  b i o l o g i s t s  t y p i c a l l y  invoke an ad hoc 
h y p o th e s is  o f  n e o ten y :  th e  human c o n d i t io n  i s  a d e r iv e d
r e t e n t i o n  o f  an embryonic c o n d i t i o n .
Both neo teny  and lo s s  a re  much r a r e r  ad hoc 
h y p o th eses  a t  t h i s  s t a g e  th an  i s  th e  in co m p le ten ess  of th e  
f o s s i l  r e c o r d .  This i s  d o u b t le s s  in  l a r g e  measure due to  
t h e  o b s e rv a t io n  t h a t  th e  c r i t e r i a  o f  r e s t r i c t e d  
d i s t r i b u t i o n  in  a d u l t  forms and g e n e r a l i t y  o f  d i s t r i b u t i o n  
in  o n to g e n e t ic  s t a g e s  produce c o n g ru en t r e s u l t s  i n  th e  
v a s t  m a jo r i ty  o f c a s e s .
A ll  ad hoc h ypo theses  a t  t h i s  s t e p  e x p la in  away some 
c o n t r a d i c t i o n  in  th e  d i s t r i b u t i o n  o f  c h a r a c t e r  s t a t e s ,  
in fo rm a t io n  from l e v e l  I I  (F ig u re  1 5 ) .  I  f in d  i t  more 
d i f f i c u l t  t o  co n ce iv e  of a t e s t  p e r t i n e n t  t o  th e  ad hoc 
h y p o th e se s  in  t h i s  c a t e g o r y .
Although th e  t h i r d  s t e p  i s  c l a d i s t i c  a n a l y s i s ,  the  ad 
hoc h y p o th eses  invoked by c l a d i s t i c  a n a l y s i s  a re  
a p p r o p r i a t e ly  d isc u sse d  in  t h i s  s e c t i o n  because  th e y
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e x p la in  anom alie s  in  th e  e v id e n c e  from c h a r a c t e r  a n a l y s i s .  
The ad hoc  h y p o th eses  produced un der  c l a d i s t i c  a n a ly s i s  
f a l l  i n t o  two c a t e g o r i e s :  th o s e  t h a t  r e - i n t e r p r e t
in fo rm a t io n  a t  l e v e l  I I  and th o s e  t h a t  r e - i n t e r p r e t  
in fo rm a t io n  a t  l e v e l  I I I .  As d e s c r ib e d  above , an 
anomalous d i s t r i b u t i o n  o v e r  t h e  s t r a t i g r a p h i c  column i s  
e x p la in e d  by an in co m p le te  f o s s i l  r e c o r d .  An anomalous 
d i s t r i b u t i o n  o ve r  o n to g e n e t ic  s t a g e s  i s  ex p la in e d  a s  
n e o te n y .
S in c e  th e s e  were bo th  ad hoc h y p o th eses  in  c h a r a c t e r  
a n a l y s i s  as w e l l ,  i t  may be u s e f u l  to  g iv e  an example 
i l l u s t r a t i n g  th e  d i f f e r e n c e  between invok ing  n e o te n y ,  f o r  
exam ple , from c h a r a c t e r  a n a l y s i s  and from c l a d i s t i c  
a n a l y s i s .  Table 5 compares t h e  examples d e sc r ib e d  above 
w ith  a t h i r d  c a se  in  which th e  c r i t e r i o n  o f  r e s t r i c t e d  
d i s t r i b u t i o n  (n o v e lty )  gave a r e s u l t  a t  v a r ia n c e  w ith  t h e  
c r i t e r i o n  o f  g e n e r a l i t y  o f  d i s t r i b u t i o n  o ver  o n to g e n e t ic  
s t a g e s .  In  t h e  f i r s t  ty p e  o f  c a s e ,  ev id e n ce  from ontogeny 
i s  u s u a l ly  given p re c e d e n c e .  I n  the  second c a se ,  t h e  
f a c t o r  t h a t  m ight be c o n s id e re d  t c  g iv e  n o v e lty  i n  th e  
a d u l t  s ta g e  g r e a t e r  w eight i s  a t r a n s f o r m a t i o n i s t  argum ent 
t h a t  i d e n t i f i e s  lack  o f  c e p h a l i z a t io n  a s  p r i m i t iv e  and a 
sm a l l  b r a in  a s  an in te r m e d ia te  s t e p .
Example C o u t l i n e s  a t h i r d  c a s e  f o r  which t h e r e  i s  no 
v e ry  c o n c lu s iv e  argument one way c r  a n o th e r ,  and g iv en  
o n to g e n y ’ s  u su a l  e d g e ,  would p robab ly  r e s u l t  in  an ad hoc
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h y p o th e s is  of lo s s  o f  g i l l s  b e in g  d e r iv e d  f o r  o th e r  
u r o d e l e s .  C l a d i s t i c  a n a l y s i s ,  however, r e s u l t s  i n  a 
h y p o th e s is  o f  r e l a t i o n s h i p  and c o n c o m it ta n t  c h a r a c t e r  
t r a n s fo r m a t io n  t h a t  r e q u i r e s  t h a t  no g i l l s  i n  th e  a d u l t  be 
th e  p r i m i t i v e  c o n d i t io n  and t h a t  r e t a in i n g  g i l l s  i n t c  t h e  
a d u l t  s ta g e  be a r e l a t i v e l y  d e r iv e d  c o n d i t i o n —n e o te n y . 
Gust a s  i n  th e  p re v io u s  exam ple , neoteny i s  an ad hoc 
h y p o th e s is  used to  e x p la in  away th e  c o n t r a d i c t i o n  t h a t  th e  
d i s t r i b u t i o n  o f  c h a r a c t e r  s t a t e s  over ontogeny p r e s e n ts  to  
t h e  c u r r e n t  h y p o th e s i s ,  in  t h i s  c a s e ,  th e  c l a d i s t i c  
h y p o th e s is  a s  well a s  th e  c h a r a c t e r  h y p o th e s is .
Thus some c o n t r a d i c t i o n s  among c h a r a c t e r  hy p o th eses  
t h a t  become a p p a re n t  in  c l a d i s t i c  a n a l y s i s  can be 
e x p la in e d  by ad hoc h y p o th eses  r e j e c t i n g  th e  a p p a re n t  
d i s t r i b u t i o n  o f  c h a r a c t e r  s t a t e s  im plied  by th e  s o u rc e s  o f 
e v id e n ce  a t  s t e p  1 .  O ther c o n t r a d i c t i o n s  may be d e a l t  
w ith  by a rg u in g  t h a t  what appea red  to  be one c h a r a c t e r  
s t a t e  w ith  a g iven  d i s t r i b u t i o n  i s  r e a l l y  two e x c lu s iv e  
c h a r a c t e r  s t a t e s  with p a r t  o f  th e  d i s t r i b u t i o n  
r e s p e c t i v e l y — i . e . ,  convergence— o r  two n e s te d  c h a r a c t e r s ,  
one more g e n e r a l ly  d i s t r i b u t e d  and th e  o th e r  an in c lu d e d  
d e r iv e d  c o n d i t i o n —i . e . ,  r e v e r s a l .  A gain , t h e s e  ad hoc 
h y p o th eses  a rgu e  fo r  d i f f e r e n t  d i s t r i b u t i o n s  than  were 
h y p o th e s iz e d  on th e  b a s i s  o f th e  o r i g i n a l  e v id e n ce  from 
c h a r a c t e r  a n a l y s i s .
N e i th e r  convergence  n o r  r e v e r s a l  i s  a p a r t i c u l a r l y
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s t ro n g  h y p o th e s i s ,  in  t h a t  n e i t h e r  a re  s t r o n g ly  t e s t a b l e .  
Both ty p e s  o f h y p o th e s is  a re  o f  th e  form : Mf e a tu r e  X i s
n o t  t h e  same a s  f e a t u r e  Y". Only n e g a t iv e  e v id e n c e —th e  
f a i l u r e  t o  f in d  d i f f e r e n c e s —w i l l  c o n t r a d i c t  i t .  The 
s i g n i f i c a n c e  o f  t h i s  o b s e rv a t io n  i s  d i s c u s s e d  f u r t h e r  in  
t h e  nex t s e c t i o n .
A f r e q u e n t  p lea  i s  made to  i d e n t i f y  convergence  (or 
p a r a l l e l i s m )  be fo re  th e  c l a d i s t i c  a n a l y s i s  ( e . g . ,  Hecht 
and Edwards, 1977; Bock, 1977; G h i s e l i n ,  1 980 ) ,  a p le a  
t h a t  r e f l e c t s  an o th e r  v e ry  d i f f e r e n t  meaning o f  th e  
t e r m ( s ) .  Convergence, i n  th e  se n se  used in  t h i s  s tu d y ,  i s  
a m is taken  h y p o th e s is  o f  i d e n t i t y  between th e  c h a r a c te r  
s t a t e s  i n  two ta x a  (a m is tak e  i d e n t i f i e d  o f  n e c e s s i ty  a 
p o s t e r i o r i  t o  th e  c l a d i s t i c  a n a l y s i s ) . I f  c h a r a c t e r  
a n a l y s i s  d id  n o t  produce  a h y p o th e s is  t h a t  th e  c h a r a c t e r  
s t a t e s  were th e  same, one would not have made th e  m is tak e  
and t h e r e  would be no rea so n  t o  c a l l  t h e  s t a t e s  
c o n v e rg e n t .  The o t h e r  s e n s e  o f  th e  word "convergence" 
conn o tes  some s o r t  o f  non-homologous s i m i l a r i t y ,  o f  
i n t e r e s t  perhaps in  f u n c t i o n a l  o r  a d a p t a t i o n a l  a rgum en ts , 
b u t  n o t  r e l e v a n t  t o  t h e  c o n s t r u c t io n  o f  p h y lo g e n e t ic  
h y p o th e s e s .  Of co u rse  o u r  goa l i s  to  i d e n t i f y  homologies 
and d e l i n e a t e  c h a r a c t e r s  a c c u r a t e l y  in  c h a r a c t e r  a n a l y s i s  
and p r i o r  t o  t h e  c l a d i s t i c  a n a l y s i s .  R e s t r i c t i o n  o f  the  
term  "convergence" t o  th o s e  m is ta k e s  i d e n t i f i e d  ad hcc 
g iv e s  i t  a very  p r e c i s e  meaning; "ana logous"  i s  a v a i l a b l e
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f o r  a p r i o r i  non-homologous s i m i l a r i t y .  Use o f  t h e s e  
te rm s  in  t h i s  p r e c i s e  f a s h io n  in  no way r e f l e c t s  t h e  
amount o f  o r  la c k  of z e a l  o r  c o r r e c t n e s s  w ith  which one 
does c h a r a c t e r  a n a l y s i s .
A nother term  f o r  which v a r io u s  meanings have been 
p roposed  i s  " p a r a l l e l i s m ” . I  have n o t  found t h i s  a 
p a r t i c u l a r l y  u s e f u l  te rm .  Wiley (1981) d e f in e s  
p a r a l l e l i s m  a s  th e  in d ep e n d en t  o r i g i n  o f i n d i s t i n g u i s h a b ly  
s i m i l a r  c h a r a c t e r s  from th e  same a n c e s t r a l  c h a r a c t e r  
s t a t e .  Convergence i s  t h e  same but from d i f f e r e n t  
( d i s s im i l a r ? )  a n c e s t r a l  c h a r a c t e r  s t a t e s .  (He must mean 
" d i s s i m i l a r "  because th e  co n v erg en t  c h a r a c t e r  s t a t e s  a re  
d i f f e r e n t  (not e v o l u t i o n a r i l y  " th e  same") a lth o u g h  
s i m i l a r ,  and i f  " d i s s i m i l a r ” were not meant, th e  
d i s t i n c t i o n  between p a r a l l e l i s m  and convergence  would 
r e f l e c t  m erely  th e  number o f c h a r a c t e r  s t a t e s  we 
re c o g n iz e d  in  the  two l in e a g e s  between th e  change frcm t h e  
common a n c e s t r a l  c o n d i t io n  and t h e  s t a t e s  be ing  l a b e l l e d . )  
S in c e  th e s e  d e f i n i t i o n s  r e q u i r e  a cladogram  and 
r e c o g n i t i o n  o f  (h y p o th e t ic a l )  a n c e s t r a l  s t a t e s ,  such  
i d e n t i f i c a t i o n  o f  p a r a l l e l i s m  and convergence  roust succeed 
th e  c l a d i s t i c  a n a l y s i s .  I n  any c a s e ,  I  have no t 
d is c o v e re d  a use  fo r  th e  d i s t i n c t i o n  and h e re  use  
"convergence"  fo r  bo th  c o n d i t i o n s .
S e v e ra l  d e f i n i t i o n s  o f  p a r a l l e l i s m  ( e . g . ,  Simpson, 
1961; Hecht and Edwards, 1977) in v o lv e  th e  i n h e r i t a n c e
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from a common a n c e s to r  o f  a g e n e t ic  o r  e m b ry c lo g ic a l  
ten dency  t o  develop  t h e  f e a t u r e  sc  t h a t  when i t  d ev e lo ps  
i t  i s  v e ry  s im i l a r  in  th e  two d e sc e n d a n ts .  I f  t h e r e  a r e  
no in te r v e n in g  d e sce n d an ts  l a c k in g  e x p re s s io n  o f  t h e  
f e a t u r e ,  th e  f e a t u r e  i s  a t r u e  i n d i c a t o r  o f  r e l a t i o n s h i p ,  
can  be t r e a t e d  a s  such f o r  th e  p u rp o se s  of h y p o th e s iz in g  a 
p h y lo g en y , and indeed  canno t be d i s t in g u i s h e d  from a 
normal c h a r a c t e r  u n le s s  th e  a n c e s to r  i s  known. Then th e  
q u e s t io n  a r i s e s ,  how does one know t h a t  t h a t  i s  th e  common 
a n c e s t o r ,  s i n c e  i t  does n o t  p o s s e s s  a l l  th e  f e a t u r e s  
common to  a l l  i t s  d e sce n d an ts?
I f  t h e r e  a re  i n te r v e n in g  d e sc e n d a n ts  l a c k in g  th e  
f e a t u r e ,  they  must have l o s t  th e  tendency t o  deve lop  i t  
(one ad hoc h y p o th e s is )  which i s  e q u iv a le n t  from o u r  
p e r s p e c t iv e  t o  th e  s i n g l e  ad hoc h y p o th e s is  o f  convergence  
(which does n o t  r e q u i r e  th e  a d d i t i o n a l  u n l ik e ly  
s u p p o s i t io n  t h a t  we know som eth ing  abou t th e  g e n e t i c  
t e n d e n c ie s  of an unknown a n c e s t o r ) . In  e i t h e r  c a s e , th e  
o c c u r re n c e  of in te r v e n in g  d e sce n d an ts  can o n ly  be 
d em o n s tra ted  by a c l a d i s t i c  h y p o th e s i s ,  so  d i s t i n g u i s h i n g  
between th e s e  two s i t u a t i o n s  i s  an ad hoc p r o c e d u re .  None 
o f th e  r e f e r e n c e s  supp ly  c r i t e r i a  by which t c  re c o g n iz e  
t h e  g e n e t i c  o r  em b ry o lo g ic a l  t e n d e n c ie s  o f  unknown 
a n c e s t o r s  p r i o r  to  o r  even a f t e r  th e  c l a d i s t i c  a n a l y s i s .
T h e r e fo r e ,  in  summary, 1 f i n d  th e  i n s t a n c e s  o f  
p a r a l l e l i s m  under  some d e f i n i t i o n s  i n d i s t i n g u i s h a b l e  from
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i n f o r m a t iv e  c h a r a c t e r  d i s t r i b u t i o n s ,  and under o th e r  
d e f i n i t i o n s ,  i n d i s t i n g u i s h a b l e  frcm c o n v e rg en c e .  
Convergence can  only be i d e n t i f i e d  a f t e r  th e  c l a d i s t i c  
a n a l y s i s ,  a s  an §d hoc i d e n t i f i c a t i o n  o f m is tak es  i n  
c h a r a c t e r  a n a l y s i s .  C h a ra c te r  s t a t e s  dem on s tra ted  t c  be 
d i f f e r e n t  in  c h a r a c t e r  a n a l y s i s  a r e  n o t  in fo rm a t iv e  a t  
t h a t  l e v e l  f o r  p h y lo g e n e t ic  a n a l y s i s  (a l th oug h  t h e i r  
hom ologies may c e r t a i n l y  be i n f o r m a t i v e ) .
Ad hoc h y p o th eses  in  c l a d i s t i c  a n a l y s i s  may a l s o  be 
aimed a t  th e  in fo rm a t io n  o r  hy p o th eses  a t  l e v e l  I I I .  Some 
c o n t r a d i c t i o n s  among c h a r a c t e r  h y p o th eses  can  be e x p la in e d  
by p o s t u l a t i n g  an e r r o r  in  th e  to p o lo g y  o f  a c h a r a c t e r  
s t a t e  t r e e  ( I I I )  r a t h e r  th an  in  th e  d i s t r i b u t i o n  
( d e f i n i t i o n )  o f  c h a r a c t e r  s t a t e s  ( I I ) . Two such ad hoc 
h y p o th eses  a r e  p o s s i b l e :  e i t h e r  th e  p o l a r i t y  <?f a
t w o - s t a t e  c h a r a c t e r  s t a t e  s e t  i s  r e v e r s e d ,  o r  th e  r e l a t i v e  
o r d e r in g  o f s t a t e s  i n  a t r a n s i t i o n  s e r i e s  o f  t h r e e  o r  more 
s t a t e s  i s  a l t e r e d .  To do e i t h e r ,  however, causes  a 
c o n f l i c t ,  because  th e  e v id e n ce  from l e v e l  I I  t h a t  
su p p o r te d  th e  o r i g i n a l  p o l a r i t y  o r  o rd e r in g  i s  no t  
e x p la in e d .  T h is  problem can be an a lyzed  in  term s o f  th e  
l e v e l  (s) of a n a ly s i s  a t  which parsim ony i s  be ing  
maximized * Such an a n a l y s i s  i s  p re s e n te d  i n  th e  n e x t  
s e c t i o n .
" T e s t i ng h yp o th eses  o f  homology** w ith 
p h y lo g e n ie s . — R eco g n it io n  and f o r m a l iz a t io n  of c h a r a c te r
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a n a l y s i s  as a s e p a r a t e  l e v e l  o f a n a l y s i s  p e rm its  a more 
com plete  c o n s id e r a t io n  o f  argum ents o f  r e l a t i v e  parsimony 
and t h e  d i f f e r e n t  l e v e l s  o f  h y p o th e s is  t e s t i n g .  I n  th o se  
few d i s c u s s io n s  o f  c l a d i s t i c  a n a ly s i s  in  which a s ta te m e n t  
of homology ( i . e . .  s t e p  2 in  th e  scheme in  F ig u re  15) i s  
re c o g n iz e d  a s  a h y p o th e s is  r a t h e r  th an  an o b s e r v a t io n ,  
t h i s  h y p o th e s is  o f  homology i s  s a i d  t o  be t e s t e d  by the  
phylogeny d e r iv e d  from i t  and o th e r  r e l e v a n t  hypo theses o f 
homology. The l o w e r - l e v e l  h y p o th e se s ,  t h e  ’ e m p ir ic a l  
o b se rv a t io n s*  r e l a t i v e  t o  th e  c u r r e n t  l e v e l  o f  a n a l y s i s ,  
a r e  c o n s id e re d  t e s t e d  by th e  very  h i g h e r - l e v e l  hy po theses  
d e r iv e d  from and t e s t e d  by them in  th e  f i r s t  p l a c e .  This 
ha s  been l a b e l l e d  ’’r e c i p r o c a l  i l l u m in a t io n ” ( e . g . ,  Wiley 
1981: 1 3 9 ) .  B efo re  d i s c u s s in g  th e  l o g i c a l  problems with 
t h i s  p ro ced u re  in  th e  a b s t r a c t ,  l e t  us su rv e y  th e  v a r io u s  
s p e c i f i c  p o s s i b i l i t i e s  in  p h y lo g e n e t ic  a n a l y s i s .
As was shewn in  th e  d i s c u s s io n  o f  Wagner t r e e s  and 
netw orks above (pp. U 6 f f ) ,  i t  i s  p o s s ib le  t o  ro o t  a 
netw ork by d e s ig n a t in g  an o u t -g ro u p ,  o r  on th e  b a s i s  o f a 
few nov e l  c h a r a c t e r s ,  and to  d e r iv e  from th e  r e s u l t i n g  
t r e e  t h e  most c o n g ru en t h y p o th eses  of p o l a r i t y  f o r  th e  
rem ain in g  t r a n s i t i o n  s e r i e s  ( a l s o  noted  in  E s ta b ro o k ,
1 9 7 2 ) .  The p o l a r i t i e s  o f  th e s e  t r a n s i t i o n  s e r i e s  wculd 
th e n  be t h e  r e s u l t ,  n o t  o f  c h a r a c t e r  a n a l y s i s ,  but c f  a 
p ro c e s s  o f  maximizing th e  a p p a re n t  parsimony a t  t h e  t r e e  
o r  c ladogram  l e v e l —maximizing t h e  congruence  among
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t r a n s i t i o n  s e r i e s .  And, o f  c o u r s e ,  c h a r a c t e r s  whose 
p o l a r i t i e s  a re  d e r iv e d  d i r e c t l y  from a h y p o th e s is  o f  
phyiogeny cannot be used  t o  c o r r o b o r a te  o r  c o n t r a d i c t  any 
h y p o th e s is  o f  phy iogeny , s in c e  th ey  w i l l  a u to m a t i c a l ly  be 
most con gruen t w ith  t h e  phyiogeny from which they a r e  
d e r iv e d  (see  F ig u re  1 8 ) .  T h e r e fo r e ,  t r a n s i t i o n  s e r i e s  
w ith o u t  some o r d e r  and d i r e c t i o n  h y p o th es iz ed  p r i o r  to  th e  
c l a d i s t i c  a n a ly s i s  a r e  n o t  u s e f u l  in  c l a d i s t i c  a n a l y s i s :  
th e y  a re  no t r e l e v a n t  t o  d e r iv in g  o r  t e s t i n g  a h y p o th e s is  
o f  phyiogeny . Order and d i r e c t i o n  can be s p e c i f i e d  fo r  
each s e t  o f  c h a r a c t e r  s t a t e s  on th e  b a s i s  o f  e v id en ce  from 
any o f  t h e  so u rc es  l i s t e d  i n  F ig u re  1 5 , o r  they can  be 
i m p l i c i t l y  decided  f o r  each  s e t  o f  c h a r a c t e r  s t a t e s  w i th in  
a g iven  s e t  o f ta x a  by s p e c i fy in g  one o r  more a d d i t i o n a l  
t a x a  a s  o u t -g ro u p s .  (This l a t t e r  c a se  i s  e q u iv a le n t  to  
t a k in g  a l a r g e r  phyiogeny a s  g iv e n ,  and in  t h a t  c o n te x t  
f i n d in g  th e  most p a rs im o n io us  c h a r a c t e r  s t a t e  t r e e s  in  t h e  
more l o c a l  phy iog en y .)  But t h e r e  must be some o u t s id e  
so u rc e  o f  in fo rm a tio n  abou t th e  r e l a t i v e  g e n e r a l i t y  o f  t h e  
v a r io u s  c h a r a c t e r s ,  o u t s i d e  th e  h y p o th e s is  o f  phyiogeny 
b e ing  d e r iv e d  o r  t e s t e d .
I f  we now c o n s id e r  on ly  th o s e  s e t s  o f c h a r a c t e r  
s t a t e s  f o r  which c h a r a c t e r  a n a l y s i s  has su ggested  some 
o r d e r  and d i r e c t i o n — i . e . ,  f o r  which we have a c h a r a c t e r  
s t a t e  t r e e —we f in d  t h a t  in co n g ruences  can be d e a l t  with 
i n  two ways. One way, th e  most common, i s  t o  use t h e
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few es t  p o s s ib l e  ad hoc h y p o th eses  o f  convergence  o r  
r e v e r s a l  to  accoun t f o r  th e  incongruence® E i t h e r  
convergence  o r  r e v e r s a l  i s  an ad hoc h y p o th e s is  o f  
m is taken  i d e n t i t y  (a m is tak e  a t  s t e p  1 in  t h e  scheme in  
F ig u re  1 5 ) :  under o u r  a ssu m p tio n s  about e v o lu t i o n ,
inco n g ru en ces  mean t h a t  th e  c o n d i t io n  o f  some f e a t u r e  i n  
two ta x a  was m is ta k e n ly  th o u g h t  t o  be t h e  same c h a r a c t e r  
s t a t e ,  b u t  must have been in s t e a d  evo lved  in d e p e n d e n t ly .
In  th e  c a s e  of co n v erg en ce , two seem ingly  
i n d i s t i n g u i s h a b l e  c h a r a c t e r  s t a t e s  a r e  in d e p e n d e n t ly  
evo lved  from some a n c e s t r a l  c o n d i t io n  (s) (I w i l l  n o t  
b o th e r  w ith  a d i s t i n c t i o n  between p a r a l l e l i s m  and 
co n v e rg en c e ) ,  whereas a r e v e r s a l  i s  t h e  e v o lu t io n  l a t e r  in  
a t r e e  o f  a c h a r a c t e r  s t a t e  i n d i s t i n g u i s h a b l e  from one 
o c c u r r in g  e a r l i e r .
As ad hoc h y p o th e s e s ,  both  convergence  and r e v e r s a l  
a r e  i d e n t i f i e d  a f t e r  th e  t r e e  i s  d e r iv e d ;  th ey  a r e  not 
and can n o t  be th e  p ro d u c t  o f  c h a r a c t e r  a n a l y s i s .  And th ey  
a r e  n o t  th em se lv es  p a r t i c u l a r l y  t e s t a b l e  h y p o th e s e s :  bo th
a r e  h y p o th e s iz in g  t h a t  two s i m i l a r  c o n d i t io n s  a re  a c t u a l l y  
more d i f f e r e n t  th an  f i r s t  t h o u g h t .  Any d i f f e r e n c e s  
su b s e q u e n t ly  found c o r r o b o r a te  t h i s  i d e a ,  b u t  th e  o n ly  
s o r t  o f  ev id en ce  t h a t  can c o n t r a d i c t  i t  i s  n e g a t iv e  
e v id e n c e —th e  f a i l u r e  t o  f in d  any d i f f e r e n c e s .  (Because 
convergence  and r e v e r s a l  a r e  o n ly  weakly t e s t a b l e  i f  a t  
a l l ,  i t  i s  more u s e f u l  i n  c l a d i s t i c  a n a l y s i s  to  r e t a i n
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them i n  th e  h y p o th e s is  a s  co nvergences  o r  r e v e r s a l s  than 
to  reco d e  them to  a g re e  w ith  th e  c u r r e n t  c ladogram . They 
c o n s i t i t u t e  an om alie s  t h a t  may be im p o r ta n t  in  su p p o r t in g  
an a l t e r n a t e  h y p o th e s is  o f phy iogeny , b u t  would be 
d i f f i c u l t  t o  r e c o g n iz e  a s  such i f  recoded  t o  appear 
co n g ru en t  w ith  th e  v e ry  c ladogram  w ith  which they  a r e  
anom alous . Recoding i s  c o u n te r - p ro d u c t iv e  in  th e  c o n te x t  
o f  m e th o d o lo g ica l  f a l s i f i c a t i o n i s n . )
The second p o s s ib l e  re s p o n se  t o  in co n g ru en ces  i s  to  
c o n s id e r  th e  p o l a r i t y  o r  o rd e r  o f in c o n g ru e n t  t r a n s i t i o n  
s e r i e s  t o  have been r e f u t e d  by th e  most p a rs im o n io u s  
c ladog ram . R a th e r  th a n  c o n s id e r in g  in co n g ru en ce  an 
anomaly t o  be re s o lv e d  by ad hoc hyp o th eses  o f convergence  
o r  r e v e r s a l ,  th e  h y p o th e s is  of p o l a r i t y  i s  c o n s id e re d  
r e f u t e d  by th e  c o n t r a d i c t o r y  phyiogeny and th e  d i r e c t i o n  
o f  t h e  t r a n s i t i o n  s e r i e s  o r  p a r t  of t h e  s e r i e s  r e v e r s e d .
Examples w i l l  c l a r i f y  t h i s .  In  F ig u re  19, a 
h y p o t h e t i c a l  d a ta  s e t  i l l u s t r a t e s  how r e v e r s in g  an i n i t i a l  
o v e r a l l  h y p o th e s is  o f  p o l a r i t y  f o r  a t r a n s i t i o n  s e r i e s  can 
p roduce  a t r e e  w ith  a p p a r e n t ly  few er s t e p s .  Such a 
s h o r t e r  t r e e  i s  more pars im o n io us  a t  th e  l e v e l  of 
c l a d i s t i c  a n a l y s i s  b ecause  i t  r e q u i r e s  fewer ( in  t h i s  
c a s e ,  ze ro )  ad hoc a ssu m p tio n s  o f  convergence  o r  r e v e r s a l  
f o r  t h e  c h a r a c t e r s  a s  newly d e f in e d .
T h is  re a so n in g  has r e c e n t l y  been taken  to  i t s  next 
l o g i c a l  s t e p :  in co n g ru e n ce s  among c h a r a c t e r s  can occu r in
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Wagner n e tw o rk s ,  and a r e  in  such  c a se s  no t t h e  r e s u l t  o f 
c o n f l i c t s  among th e  o v e r a l l  p o l a r i t i e s  o f  t r a n s i t i o n  
s e r i e s  ( e .g .  c3 —> c2 —> c l  v e r s u s  c l  —> c2 - ->  c3) b u t  
t h e  r e s u l t  of c o n f l i c t s  among r e l a t i v e  p o l a r i t i e s  w ith in  
t h e  s e r i e s —t h e  o rd e r in g  o f  th e  s t a t e s .  (The o th e r  
p o s s ib l e  s im p le  l in k a g e s  f o r  t h r e e  s t a t e s  would be c l  <— > 
c3 <— > c2 and c2 <— > c l  <—> c 3 .)  M ickevich has dev ised  
a method ( p a r t i a l l y  d e s c r ib e d  in  M ickevich, 1981) t o  
p roduce  th e  m aximally c o n g ru e n t  o rd e r in g  f o r  a l l  th e  
t r a n s i t i o n  s e r i e s  in  a d a ta  s e t ,  th u s  maximizing even 
f u r t h e r  t h e  c l a d i s t i c  parsim ony o f  th e  h y p o th e s is  
r e p re s e n te d  by th e  f i n a l  c lad ogram . F ig u re  20 i l l u s t r a t e s  
t h e  r e - o r d e r in g  o f  one in c o n g ru e n t  t r a n s i t i o n  s e r i e s .
In  bo th  ex am ples , t h e  parsim ony o f  th e  c l a d i s t i c  
h y p o th e s is  has  been m axim ized. But i n  both  c a s e s ,  
parsim ony a t  th e  c l a d i s t i c  l e v e l  has been maximized a t  th e  
expense  o f  parsimony a t  th e  c h a r a c t e r  a n a l y s i s  l e v e l ,  w ith  
a r e s u l t i n g  l o s s  of o v e r a l l  pa rs im ony . T h is  can be seen 
by re a n a ly z in g  bo th  exam ples w ith  th e  r e s u l t s  o f  t h e  
c h a r a c t e r  a n a ly s e s  made e x p l i c i t .
C h a ra c te r  s t a t e  t r e e s  a re  su g g e s te d  by c h a r a c t e r  
a n a l y s i s ,  t h a t  i s ,  o r d e r  and d i r e c t i o n  a r e  a s s ig n e d  to  
each  t r a n s i t i o n  s e r i e s ,  i f  ev id ence  i s  found t h a t  r e f u t e s  
a l l  p o s s ib l e  t r e e s  sa v e  o n e ,  i . e . ,  t h a t  c o n t r a d i c t s  one 
t h e  l e a s t .  C h a ra c te r  a n a l y s i s  p roduces  th e  t r e e  a l  —> a 2 
— > a3 i f  ev idence  i s  found t h a t  an organism  p o sse s s in g
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s t a t e  a2 r e a l l y  had a s p e c i a l  a t t r i b u t e  a2 added on t o  o r  
m odified  from a more g e n e r a l ly  d i s t r i b u t e d  s t a t e  a l .  Such 
e v id e n ce  might be o n to g e n e t i c ,  f o r  exam ple, i f  a2 were 
observed  to  develop  from a l  w i th in  an o rg a n is m 's  o n to g en y . 
Thus we may n o te  more a c c u r a t e l y  th e  c h a r a c t e r  s t a t e  
p o ssessed  by such an organism  to  be ( a l ) a 2 .  S im i la r ly ,  a3 
cou ld  be o rdered  in  th e  t r a n s i t i o n  s e r i e s  i f  i t  were 
observed  t h a t  organism s w ith  c h a r a c t e r  s t a t e  a3 a l s o  
po sse s se d  a2 e a r l i e r  in  o n togeny . And s t a t e  a3 would be 
more a c c u r a t e l y  d e s ig n a te d  ( ( a l ) a 2 ) a 3 .
At t h i s  p o in t  i t  m ight be no ted  t h a t  th e  h i e r a r c h i c  
n a tu r e  o f  c h a r a c t e r s  devo lves  n i c e ly  from t h i s  n o t a t i o n .  
The d i s t r i b u t i o n  o f  c h a r a c t e r  Al i s  th e  com plete  
d i s t r i b u t i o n  o f  c h a r a c t e r  s t a t e  a l .  S t a t e  a l  i s  common to  
o rgan ism s w ith s t a t e s  a l ,  a2 ,  o r  a3 : a l ,  (a :i)a2 , and
( ( a l ) a 2 ) a 3  r e s p e c t i v e l y .  S i m i l a r l y ,  th e  d i s t r i b u t i o n  o f  
c h a r a c t e r  A2 i s  shown by th e  o c c u rre n c e  o f  s t a t e  a2 in  
o rgan ism s with a2 or a3 : ( a l ) a 2 ,  o r  ( ( a l ) a 2 ) a 3 .  And
c h a r a c t e r  A3 i s  r e s t r i c t e d  to  o n ly  th o se  organ ism s with 
s t a t e  a3 : ( ( a l ) a 2 ) a 3 .  The d i s t r i b u t i o n  o f  A2 i s  th u s
in c lu d e d  w ith in  t h a t  o f  A l, and A3 in  both A2 and A l: th e
c h a r a c t e r  s t a t e  t r e e  a l  —> a2 — > a3 im p l ie s  th e  
h ie r a r c h y  o r  n e s t in g  o f  c h a r a c t e r s  Al (A2 (A 3)), e q u iv a le n t  
t o  a p h y lo g e n e t ic  h y p o th e s is  f o r  th e  ta x a  p o s s e s s in g  th o se  
c h a r a c t e r s .
Given th e  d i s t r i b u t i o n s  o f  th e  c h a r a c t e r  s t a t e s ,  we
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can now e v a lu a te  th e  r e l a t i v e  parsimony of a l t e r n a t i v e  
c h a r a c t e r  s t a t e  t r e e s  a t  th e  l e v e l  o f  c h a r a c t e r  a n a l y s i s . 
I f  we observe  (a l)a 2  in  o rgan ism s w ith  s t a t e  a 2 ,  th e n  a l  
i s  more g e n e ra l  and t h e r e f o r e  p r i m i t i v e .  T hus, a s  was 
s t a t e d  e a r l i e r ,  c h a r a c t e r  a n a l y s i s ,  g iven  t h e  
d i s t r i b u t i o n s  o f c h a r a c t e r  s t a t e s  a l ,  a 2 ,  and a3 d e s c r ib e d  
above, would produce a l  — > a2 — > a3 a s  th e  most 
p a rs im o n io u s  c h a r a c t e r  s t a t e  t r e e .  Any o th e r  t r e e  would 
r e q u i r e  ad hoc h y p o th eses  of a d d i t i o n a l  g a in  o r  l o s s  of 
c h a r a c t e r  s t a t e s  t o  e x p la in  th e  d i s t r i b u t i o n s  d isc o v e re d  
in  c h a r a c t e r  a n a l y s i s .
R e tu rn in g  t o  th e  example in  F ig u re  19, i t  i s  c l e a r  
t h a t  th e  * sh o rte r*  t r e e  o b ta in e d  by r e v e r s i n g  th e  p o l a r i t y  
o f  th e  s e r i e s  c l  —> c2 — > c3 t o  c3 — > c2 —> c l  i s  o n ly  
s h o r t e r  i n  a c l a d i s t i c  a n a l y s i s  t h a t  c o n s id e r s  each 
p o s s ib l e  t r a n s i t i o n  e q u a l ly  pa rs im on ious  and ig n o re s  th e  
ev id e n ce  o f  t h e  r e l a t i v e  g e n e r a l i t y  o f  th e  c h a r a c t e r  
s t a t e s .  I f  t h e r e  were ev idence  from c h a r a c t e r  a n a ly s i s  
s u p p o r t in g  c l  —> c2 —> c 3 ,  i t  must have been ev idence  
d e m o n s tra t in g  t h a t  c l  was th e  more g e n e ra l  s t a t e  and c3 
t h e  l e a s t .  T h e r e fo r e ,  t h e  r e v i s e d  c h a r a c t e r  s t a t e  t r e e  c3 
— > c2 — > c l  r e a l l y  r e q u i r e s  f o u r  s t e p s  i f  th e  
in fo rm a tio n  from c h a r a c t e r  a n a l y s i s  i s  c o n s id e re d .  
S i m i l a r l y ,  in  th e  example in  F ig u re  2 0 , changing  t h e  o rd e r  
o f  th e  s t a t e s  a l s o  r e s u l t s  in  a l e s s  pars im onious  t r e e  in  
t h e  c o n te x t  o f  th e  in fo rm a t io n  from c h a r a c t e r  a n a l y s i s .
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These examples d e m o n s tra te  t h a t  some ad hoc 
h y p o th eses  used t o  i n c r e a s e  t h e  a p p a re n t  parsimony o f  a 
s p e c i f i c  c l a d i s t i c  h y p o th e s is  w i l l  g e n e ra te  a d d i t i o n a l  
anom alie s  r e l a t i v e  t o  t h e  e v id e n c e  t h a t  produced t h e  
o r i g i n a l  c h a r a c t e r  a n a l y s i s .  A ttem pts  to  maximize th e  
parsim ony o f  a h y p o th e s is  a t  j u s t  th e  c l a d i s t i c  l e v e l  th u s  
run  a r i s k  o f  c o s t in g  more in  l o s s  o f parsimony a t  th e  
c h a r a c t e r  a n a l y s i s  l e v e l  than  i s  gained  a t  th e  c l a d i s t i c  
l e v e l .  Such p ro c e d u re s  a l s o  i n c r e a s e  th e  i n v u l n e r a b i l i t y  
o f  a cladogram  t o  r e f u t a t i o n :  convergences  and r e v e r s a l s
a r e  s t i l l  r e l a t i v e l y  r e c o g n iz a b le  a s  incong ru en ces  t h a t  
c o n t r a d i c t  th e  c u r r e n t  h y p o th e s is  (as long a s  th ey  a r e  n o t  
recoded  to  ap pea r  co n g ru en t)  and nay add t h e i r  w eight to  
a d d i t i o n a l  c o n t r a d i c t i o n s ,  b u t r e - o r d e r e d  o r  r e d i r e c t e d  
t r a n s i t i o n  s e r i e s  no lo n g e r  c o n t r a d i c t  th e  c u r r e n t  
c l a d i s t i c  h y p o th e s is ,  even though th e  ev id en ce  f o r  th e  
o r i g i n a l  t r a n s fo r m a t io n  s e r i e s  i s  a s  anomalous a s  e v e r  
r e l a t i v e  t o  t h e  c ladogram . The lo w e r - l e v e l  h y p o th e s is  
t h a t  se rv ed  a s  t h e  i n i t i a l  ‘e m p i r ic a l  o b s e rv a t io n * — the  
o r i g i n a l  c h a r a c t e r  s t a t e  t r e e —h a s  been abandoned a l th o u g h  
n o t  d i r e c t l y  r e f u t e d .
Of c o u r s e ,  f o r  th o s e  c h a r a c t e r s  f o r  which we have no 
e v id e n ce  abou t t h e  o r d e r in g  o r  d i r e c t i o n  o f  a t r a n s i t i o n  
s e r i e s  from c h a r a c t e r  a n a l y s i s ,  d e te rm in in g  th e  m ost 
p a rs im o n io us  p o l a r i t y  from r o o t in g  a Wagner network 
( e q u iv a le n t  t o  t h e  c o r r e l a t i o n  c r i t e r i o n —s e e  c r i t e r i o n  6
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in  de Jong , 1980) or th e  most pa rs im on ious  o rd e r in g  from 
M ickevich*s t r a n s i t i o n  s e r i e s  a n a l y s i s  c a n n o t  g e n e ra te  
a d d i t i o n a l  a n o m a lie s .  However, i t  i s  im p o r ta n t ,  a l th o u g h  
i t  may be d i f f i c u l t ,  t o  remember t h a t  th e  p o l a r i t y  o r  
o r d e r  of t r a n s i t i o n  s e r i e s  so d i r e c t e d  o r  o rd e red  canno t 
be coun ted  a s  su p p o r t  f o r  any s p e c i f i c  c ladogram , s in c e  
t h e s e  s e r i e s  a r e  d i r e c t e d  o r  o rd e re d  s p e c i f i c a l l y  t o  a g re e  
w ith  th e  c u r r e n t  c ladogram  and n o t  on th e  b a s i s  o f  any 
ind ep en d en t ev idence  o r  ’e m p i r ic a l  o b s e r v a t i o n s ' .  In d ee d , 
even mere congruence i s  n o t  ve ry  s t ro n g  su p p o r t  s i n c e  i t  
i s  much more d i f f i c u l t  f o r  an u n o rd e re d ,  u n l in k e d  s e t  o f  
c h a r a c t e r  s t a t e s  to  c o n t r a d i c t  a ne tw ork . S e ts  o f  
c h a r a c t e r  s t a t e s  fo r  which c h a r a c t e r  a n a l y s i s  has n o t  
su g g e s te d  p o l a r i t y  o r  o r d e r  a r e  n o t  n e a r ly  a s  in fo rm a t iv e  
a t  th e  c l a d i s t i c  l e v e l  a s  a r e  s e t s  of c h a r a c t e r  s t a t e s  f o r  
which a c h a r a c t e r  s t a t e  t r e e  has been c o r r o b o r a te d .
The above argum ent abou t r e l a t i v e  parsim ony i s  c l e a r  
c u t  f o r  th o se  c h a r a c t e r  s t a t e  t r e e s  whose to p o lo g y  was 
based  on p e r t i n e n t  o n to g e n e t i c  in fo rm a tio n  o r  f o r  th o s e  
• tw o -s ta te *  t r e e s  in  which one s t a t e  i s  m erely  th e  absence  
o f  th e  f e a t u r e  c o n s t i t u t i n g  th e  o th e r  s t a t e .  Ambiguity 
a r i s e s  when t h e  in c o n g ru e n t  c h a r a c t e r  s t a t e  t r e e  was 
o rd e re d  o r  d i r e c te d  on t h e  b a s i s  o f  o t h e r  s o r t s  o f  
e v id e n c e .  I f  we d e r iv e  th e  l e v e l  o f  g e n e r a l i t y  o f  a 
c h a r a c t e r  from some i n d i r e c t  c r i t e r i o n ,  i . e .  o th e r  than  
d i r e c t l y  o b se rv in g  t h e  more g e n e ra l  c h a r a c t e r  s t a t e
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p rec ed in g  o r  accompanying mere d e r iv e d  s t a t e s ,  we a r e  
s t i l l  i n f e r r i n g  t h a t  th e  more g e n e ra l  c o n d i t io n  i s  p a r t  o f  
o r  p rec ee d s  t h e  more s p e c i f i c .  But t h e  s t r e n g t h  o f  t h i s  
i n f e r e n c e  may be q u e s t io n e d .
For exam ple, l e t  us c o n s id e r  a t r a n s fo r m a t io n  s e r i e s  
d l  —> d 2 , f o r  th e  p o l a r i t y  o f  which our s o l e  so u rc e  of 
ev id e n ce  i s  th e  e a r l i e r  o c c u r re n c e  of d l  in  th e  f o s s i l  
r e c o r d .  We have i n f e r r e d  from d l* s  a p p a re n t  r e l a t i v e l y  
g r e a t e r  age t h a t  d l  i s  more g e n e ra l  and t h a t  d2 th e  more 
s p e c i f i c ,  i . e . ,  t h a t  d l  — > d 2 , t h a t  d2 i s  a c t u a l l y  p a r t  
o f  d l :  ( d l ) d 2 .  I f  t h e  c ladogram  based on t h i s  and
a d d i t i o n a l  t r a n s fo r m a t io n  s e r i e s  i s  in c o n g ru e n t  w ith  d l  
— > d2 , we have th e  ad hoc hypo theses  of convergence  and 
r e v e r s a l  a v a i l a b l e  t o  e x p la in  th e  observed  c h a r a c t e r  s t a t e  
d i s t r i b u t i o n s .  However, s i n c e  th e  r e l a t i v e  g e n e r a l i t y  o f  
t h e  s t a t e s  was an in f e r e n c e  r a t h e r  than  a d i r e c t  
o b s e r v a t io n ,  we can q u e s t io n  th e  v a l i d i t y  o f  th e  
i n t e r p r e t i v e  th e o ry  beh ind  cu r  i n f e r e n c e :  we th u s  have 
r e s o u rc e  t o  t h e  ad hoc h y p o th e s is  t h a t  our c o n c lu s io n  was 
i n c o r r e c t  because  th e  f o s s i l  r e c o rd  i s  in c o m p le te ,  and 
t h a t  th e  t r a n s fo r m a t io n  s e r i e s  i s  a c t u a l l y  d2 —> d l .
T h is  must be c o n s id e re d  an ad hoc h y p o th e s is  because  th e  
anomaly s t i l l  e x i s t s :  our l o w e r - l e v e l  h y p o th e s e s ,  our
•e m p i r ic a l  o b se rv a t io n s*  ( s te p  2 in  F ig u re  1 5 : r e l a t i v e
ag es  in  th e  f o s s i l  r e c o r d ) , s t i l l  su p p o r t  th e  h y p o th e s is  
( c h a r a c te r  s t a t e  t r e e )  d l  —> d 2 . T his  has not been
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r e f u t e d :  i t  h as  not been r e p la c e d  by an a l t e r n a t i v e
h y p o th e s is  t h a t  b e t t e r  a c c o u n ts  f o r  more 'e m p i r i c a l  
o b s e r v a t i o n s ' ,  o n ly  by one t h a t  a g re e s  b e t t e r  w ith s t i l l  
h i g h e r - l e v e l  h y p o th e s e s .
Although Nelson and P l a t n i c k ' s  (1981) d i s c u s s io n  of 
what th ey  term  th e  p a l e o n t o l o g i c a l  argument seems t o  
p r e s e n t  th e  c h o ic e  between two ad hoc hyp o theses  a s  a 
draw back, i n  r e a l i t y  i t  m a t te r s  l i t t l e  a s  long  as  one 
remembers t h a t  ad hoc h y p o th eses  r e p r e s e n t  u n p ro d u c tiv e  
e x p la n a t io n s  o f  anom alies  r e l a t i v e  to  th e  c u r r e n t  
c l a d i s t i c  h y p o th e s is ,  anom alie s  t h a t  a rg ue  f o r  an 
a l t e r n a t i v e  h y p o th e s is .  I t  i s  t h e  e x i s te n c e  of th o s e  
anom alies  and th e  d eg ree  o f  s u p p o r t  f o r  an a l t e r n a t i v e  
h y p o th e s is  t h a t  a re  im p o r ta n t ,  n o t  which ad hoc h y p o th e s is  
i s  ch o sen . (Nelson and P l a t n i c k ' s  re p e a te d  r e f e r e n c e s  to  
t h e  p o s s i b i l i t y  o f “ f a l s i f y i n g  th e  p a le o n to lo g ic a l  
argum ent" i t s e l f  a re  no t a u s e f u l  c o n s id e r a t io n :  methods
th em se lv es  a r e  n o t  " f a l s i f i a b l e "  hypo theses  w ith in  th e  
sy s te m . Some assum ptions  upon which a method i s  based  o r  
t h e  i n t e r p r e t i v e  t h e o r i e s  used in  e v a lu a t in g  e v id en ce  
could  be r e f u te d  in  an o u t s i d e ,  h i g h e r - l e v e l  a n a l y s i s ,  o r 
t h e  l o g i c  o f  t h e  method could  be shown to  be f a u l t y  and 
th e  method shown th e re b y  t o  be i n v a l i d ,  b u t  the method 
can no t r e a so n a b ly  be s a id  t o  be r e f u te d  in  th e  same way 
t h a t  a h y p o th e s is  i s  r e f u t e d . )
U sua lly  c r i t e r i a  f o r  t h e  o v e r a l l  d i r e c t i o n  o r
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p o l a r i t y  o f  a t r a n s i t i o n  s e r i e s  a re  c o n s id e re d  t o  t h e  
e x c lu s io n  o f  th e  d e te rm in a t io n  o f  th e  o rd e r in g  w i th in  
s e r i e s  com pris ing  more th a n  two s t a t e s  ( e .g .  de Jo n g .
1980; C r i s c i  and S tu e s s y ,  1980). The most common 
p ro c e d u re ,  r a r e l y  s t a t e d  e x p l i c i t l y ,  ap p ea rs  t o  have been 
to  o rd e r  th e  s t a t e s  on t h e  b a s i s  c f  what seems somehow 
i n h e r e n t l y  l o g i c a l .  Kluge (1976: 10) d e s c r ib e s  i t  th u s :  
"The seq u en c in g  in  t h e  o t h e r  p a t t e r n s  i s  based on th e  
assum ption  t h a t  th e  most even ly  graded s e r i e s  o f  changes 
i s  t h e  e v o lu t io n a r i ly - m o s t - p r o b a b le  h y p o th e s is  ( F i s h e r ,
19 58: 41-U) ."  For exam ple , i f  t h e  m astoid  p ro c e s s  i s  
p r e s e n t  in  d i f f e r e n t  tax a  in  two s t a t e s ,  one (a l)  sm a ll  
and th e  o th e r  (a3) l a r g e  and e lo n g a te ,  th e  assum ption  has 
been t h a t  a t h i r d  s t a t e ,  a m oderate ly  s i z e d ,  s l i g h t l y  
e lo n g a te  m astoid  p r o c e s s ,  in  a t h i r d  tax o n , i s  an 
in te r m e d ia te  c o n d i t i o n .  In  c u r r e n t  p r a c t i c e ,  a t t e n t i o n  
im m edia te ly  s h i f t s  t o  d e te rm in in g  (h y p o th es iz in g )  which 
ex trem e i s  p r i m i t i v e .  However, th e  number o f  c h a r a c t e r  
s t a t e  t r e e s  to  be c o n s id e re d  has been g r e a t l y  reduced  by 
t h i s  d e c i s i o n ,  a s  shown in  F ig u re  21.
Such an assum ption  i s  an example of th e  in f lu e n c e  on 
s y s te m a t ic  methodology o f  th e  o f te n  u n q u es t io n ed  
a c c e p ta n c e  of s p e c i f i c  i d e a s  abo u t e v o lu t io n a ry  p r o c e s s e s .  
The in h e r e n t  r e a s o n a b le n e s s  o f  t h i s  l o g i c  abou t t h e  
c h a r a c t e r  s t a t e  t r e e  depends on a t r a n s f o r m a t i o n i s t  model 
o f g ra d u a l  and o rd e re d  change in  morphology th ro u g h o u t t h e
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phy iogeny . {Whether t h e  t im e  span  over which t h i s  smooth 
c o n tin u o u s  change t a k e s  p lac e  i s  { r e l a t iv e  t c  th e  le n g th  
o f  t im e t h a t  th e  s p e c i e s  e x i s t )  l c n g ,  such a s  i n  a 
p h y l e t i c  g rad u a lism  model o f  phy iogeny , o r  s h o r t ,  a s  in  a 
p u n c tu a te d  e q u i l ib r iu m  model, i s  i r r e l e v a n t  to  t h i s  
d i s c u s s io n  of t h e  o r d e r  o f c h a r a c t e r  s t a t e s . )
Of c o u r s e ,  a t  t h e  l e v e l  o f  th e  i n d i v i d u a l ,  
d i s c o n t i n u i ty  e x i s t s  p e r f o r c e .  But s y s t e m a t i s t s  t r y  to  
d e f in e  c h a r a c t e r  s t a t e s  so t h a t  th ey  a r e  a t t r i b u t e s  common 
t o  th e  i n d i v i d u a l s  w i th in  t a x a ,  a t t r i b u t e s  o f  p o p u la t io n s ,  
and t h e r e f o r e  em bracing some range  of v a r i a t i o n  w i th in  
each  s t a t e .  The t r a n s f o r m a t i o n i s t  model p o s t u l a t e s  t h a t  
t h e  ran g e s  o f  v a r i a t i o n  in  succeed ing  g e n e ra t io n s  
o v e r la p p e d ,  so  t h a t  one s t a t e  would have t ran s fo rm e d  
c o n t in u o u s ly  (w hether q u ic k ly  o r  slow ly) i n t c  a n o th e r  
d u r in g  phy iogeny . Some s y s t e m a t i s t s  th o u g h t  they  knew 
when a c h a r a c t e r  s t a t e  r e p r e s e n te d  ”a s t r u c t u r a l  
c o n f ig u r a t io n  th ro u g h  which o th e r  c h a r a c t e r  s t a t e s  
de v e lo p m e n ta l ly  o r  e v o l u t i o n a r i l y  must p a ss*  {Smith and 
Koehn, 1971: 286)•  Under such a model, r e c o g n i t io n  of a 
c h a r a c t e r  s t a t e  a s  i n te r m e d ia te  a u to m a t i c a l ly  d i c t a t e s  a 
r e s t r i c t e d  c l a s s  o f  c h a r a c t e r  s t a t e  t r e e s —th o s e  whose 
g e n e r a l  netw ork has t h e  in te r m e d ia te  s t a t e  l in k i n g  th e  
o t h e r  two (F ig u re  21A).
I f  t h e  s u b s e q u e n t ly  d e r iv e d  phyiogeny i s  in c o n g ru e n t  
w ith  a l l  t h r e e  p o s s ib l e  c h a r a c t e r  s t a t e  t r e e s  f o r  t h i s
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n e tw ork , th en  we have re c o u r s e  t o  t h e  ad hoc hypo theses  o f  
convergence  o r  r e v e r s a l ,  o r ,  i f  th e  most pa rs im on iou s  
phyiogeny has been d e r iv e d  u s in g  Mickevich*s t r a n s i t i o n  
s e r i e s  a n a l y s i s ,  th e  ad hoc h y p o th e s is  t h a t  th e  o r d e r in g  
o f  th e  c h a r a c t e r  s t a t e s  was i n c o r r e c t .  In  t h i s  c a s e ,  th e  
r e l a t i v e  g e n e r a l i t y  o f  th e  v a r io u s  c h a r a c t e r  s t a t e s  was 
n o t  o bserved  d i r e c t l y .  Indeed a l —> a2 —> a3, a3 —> a2 
— > a l ,  and a l  <— a2 —> a3 a r e  a l l  co n g ru e n t  w ith  the  
same Mickevich network (F ig u re  21A) b u t  a l l  imply very 
d i f f e r e n t  g e n e r a l i t i e s  and c h a r a c t e r s :  a l  — > ( a l ) a 2  —>
( ( a l ) a 2 ) a 3 ,  a3 —> (a3 )a2  - ->  ( ( a 3 ) a 2 ) a l ,  and ( a 2 ) a l  <— 
a2 —> (a2 )a3 , r e s p e c t i v e l y .
So i s  th e r e  a l o s s  o f parsimony a t  t h e  c h a r a c te r  
a n a l y s i s  l e v e l  ( i . e . ,  a s  t h e r e  was in  th e  example in  
F ig u re  20 above) i f  t h e  t r a n s i t i o n  s e r i e s  i s  r e -o rd e re d  in  
a Mickevich t r a n s i t i o n  s e r i e s  a n a l y s i s ?  T here  i s  a lo s s  
o f  parsimony o n ly  i f  th e  r e a so n in g  t h a t  produced th e  
o rd e r in g  a l —a2— a3 i s  c o n s id e re d  v a l i d :  i f  th e  r e v is e d
h y p o th e s is  fo r  t h i s  s e t  o f c h a r a c t e r  s t a t e s  produces a 
t r e e  co rre sp o n d in g  t o  a d i f f e r e n t  M ickevich ne tw ork , 
a l —a3—a3 o r  a2—a l —a 3 ,  th e  e v o lu t io n a r y  d i s t a n c e  from 
a l  to  a3 must s t i l l  be tw ice  t h a t  from a2 t o  a l  o r  a3 i f  
a2 i s  t r u l y  i n t e r m e d i a t e .  The netw orks would a c t u a l l y  be 
a l —a2—a3—a 2 * and a2*— a l —a2 — a3 r e s p e c t i v e l y ,  and th e  
t r e e s  c o r re sp o n d in g ly  a s t e p  lo n g e r  th a n  any f o r  t h e  
o r i g i n a l  Mickevich n e tw o rk .  So th e  n e x t  q u e s t io n  i s :  i s
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t h e  re a so n in g  t h a t  a2 must fce in te r m e d ia te  v a l id ?  That 
i s ,  i s  t h e  t r a n s f o r m a t i o n i s t  model one we want to  adopt a s  
an assum ption?
What I  have dubbed h e re  th e  t r a n s f o r m a t i o n i s t  model 
was, u n t i l  r e c e n t l y ,  n e a r ly  u n i v e r s a l ly  a c c e p te d .
Simpson’s  (1953) d i s c u s s io n  i s  a lm ost e n t i r e l y  an 
e l a b o r a t i o n  o f  t h i s  b a s i c  model, f o r  exam ple . R e c e n tly ,  
however, a ssum ptions about what i s  'known* abou t 
e v o lu t io n a ry  p r o c e s s e s  have been q u e s t io n e d  by a r e v i v a l  
o f  i n t e r e s t  in  m ac ro ev o lu t io n a ry  p ro c e sse s  (in  c o n t r a s t  to  
t h e  m ic ro e v o lu t io n a ry  p ro ce ss  o f  change in  gene frequency  
and an accompanying g ra d u a l  change in  th e  m orpholog ies 
observed  w i th in  a p o p u l a t i o n ) . A v a r i e t y  o f  p ro c e sse s  
have been proposed t h a t  might r e s u l t  in  th e  a b ru p t  
app ea ran ce  o f  a new m o rpho log ica l  c o n d i t io n  (see Dover, 
1982a and 1982b, f o r  ex am p le ) . A l b e r c h t ' s  (1980;
A lb e rc h t ,  e t  a l . ,  1979) h y p o th eses  in  p a r t i c u l a r  su g g es t  
t h a t  a p p a r e n t ly  a b ru p t  change could  be change t h a t  merely 
a p p ea rs  m o rp h o lo g ic a l ly  f a r  from th e  o r i g i n a l  bu t i s  
a c t u a l l y  very c lo s e  i n  developm enta l d i s t a n c e :
" c o n tin u o u s  p e r t u r b a t i o n s  in  th e  p a ra m e te rs  c o n t r o l l i n g  
t im in g  and r a t e s  o f  developm ent can r e s u l t  i n  major 
d i s c o n t i n u i t i e s  in  t h e  f i n a l  m orpho log ica l ou tcom e."  
(A lberch t 1980: 662-3)
In  t h e  l i g h t  of th e s e  a l t e r n a t i v e  models (which could  
be g e n e r a l ly  l a b e l l e d  d i s j u n c t i o n  models i n  c o n t r a s t  to
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t h e  t r a n s f o r m a t i o n i s t  m odel) , th e  argument t h a t  
m o rp h o lo g ic a l ly  in te r m e d ia te  s t a t e s  must a l s o  be 
e v o l u t i o n a r i l y  i n te r m e d ia te  becomes much l e s s  c o m p e ll in g .  
In d e e d ,  t h e  e n t i r e  p r a c t i c e  o f  c o u n t in g  " e v o lu t io n a ry  
s t e p s "  and m easuring e v o lu t io n a r y  o r  m o rpho log ica l 
d i s t a n c e s  a p p ea rs  a r b i t r a r y  and p o t e n t i a l l y  f a r  removed 
from any b io lo g i c a l  r e a l i t y  (o n to g e n e t ic  o r  p h y lo g e n e t i c ) . 
(The p a u c i ty  o f  in fo rm a tio n  abou t e i t h e r  g e n e t ic  and 
o n to g e n e t ic  b a se s  of a l t e r n a t i v e  c h a r a c t e r  s t a t e s  o r  th e  
d e g re e  o f  d i f f i c u l t y  of change between c h a r a c t e r  s t a t e s  
a l s o  l e a d s  me to  g u e s t io n  whether we can choose between 
a ssu m ptions  t h a t  c h a r a c t e r s  a re  o r  should  be coun ted  as 
ro u g h ly  equa l u n i t s  when we d e c id e  th e  d e g re e  o f  su p p o r t  
f o r  a l t e r n a t i v e  h y p o theses  and any p o s s ib l e  w eigh ting  
schemes based on our p r e s e n t  ig n o ra n c e .  See pages 29 and 
53 .)
E a r ly  ‘r u l e s '  o r  ' l a w s ’ a b o u t  p o s s ib l e  e v o lu t io n a ry  
c h an g es , such as C ope 's  r u l e  o r  D o l lo 's  law , have been 
g e n e r a l ly  reco gn ized  as  s u b j e c t  to  e x c e p t io n s ,  b u t the  
l i k e l ih o o d  o f  e x c e p t io n s  has p rob ab ly  c o n tin u ed  t o  be 
u n d e re s t im a te d  i n  some c a s e s .  For example, th e  w idesp read  
a ssum ption  t h a t  complex s t r u c t u r e s  or system s can n o t  be 
re g a in e d  a f t e r  be ing  l o s t  has been d isp ro v en  by s e v e r a l  
d e m o n s tra t io n s  o f  th e  a p p a re n t  r e t e n t i o n  o f  the  g e n e t ic  
b a s i s  fo r  such complex s t r u c t u r e s  ( e . g . ,  J a n n e t t ,  1975) , 
i n  some c a se s  over a very long t im e  i n t e r v a l  ( e . g . ,  K o lla r
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and F i s h e r ,  1 9 8 0 ) .
I  f a i l  t o  d e t e c t  u nan im ity  among th e  v a r io u s  Rinds o f  
e v id e n ce  f o r  e i t h e r  th e  t r a n s f o r m a t i o n i s t  o r  d i s ju n c t io n  
m odels . I  e x p e c t  t h a t  u nan im ity  w i l l  never be o b ta in ed  
b ecau se  both  models a r e  p robab ly  v a l id  under s p e c i f i c  
c i r c u m s ta n c e s ;  th e  problem i s  t o  d e te rm ine  those  
c i r c u m s ta n c e s .  The p r e s e n t  c h o ic e  between th e  two models 
does mean t h a t  t h e r e  a r e  r e s p e c t a b l e  t h e o r e t i c a l  grounds 
from which to  g u e s t io n  th e  a p p l i c a b i l i t y  of the  
t r a n s f o r m a t i o n i s t  model t o  a g iv en  c h a r a c t e r  s t a t e  t r e e .  
T h e r e f o r e ,  t h e r e  i s  no c l e a r  t h e o r e t i c a l  reason  t o  argue  
t h a t  t h e  r e - o r d e r in g  o f  s t a t e s  a s  a r e s u l t  o f  a Mickevich 
t r a n s fo r m a t io n  s e r i e s  a n a l y s i s  n e c e s s a r i l y  im p l ie s  a lo s s  
o f  parsim ony a t  th e  c h a r a c t e r  a n a l y s i s  l e v e l  i f  th e  s e r i e s  
was i n i t i a l l y  o rdered  under t h e  t r a n s f o r m a t i o n i s t  model.
An a l t e r n a t i v e  ad hoc h y p o th e s is  i s  a v a i l a b l e :  t h i s
t r a n s fo r m a t io n  s e r i e s  i s  one t h a t  i s  b e t t e r  i n t e r p r e t e d  
under th e  d i s j u n c t i o n  m odel. (Of c o u r s e ,  r e - o r d e r in g  
under a M ickevich a n a l y s i s  does s t i l l ,  a s  shewn e a r l i e r ,  
r e s u l t  in  an o v e r a l l  l o s s  o f  parsimony i f  t h e  i n i t i a l  
h y p o th eses  o f  p o l a r i t y  and o rd e r  were deduced from from 
d i r e c t  o b s e r v a t io n  o f  th e  g e n e r a l i t y  o f  d i s t r i b u t i o n  of 
t h e  v a r io u s  c h a r a c t e r  s t a t e s ,  r a t h e r  th an  by in f e r e n c e  
from r e l a t i v e  age o r  th e  t r a n s f o r m a t i o n i s t  m odel.)
E s tab rook  (1977) has used a maximum parsimony 
argument in  su p p o r t  o f a p o l a r i t y  c r i t e r i o n  t h a t
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i d e n t i f i e s  t h e  most common c h a r a c t e r  s t a t e  a s  p r i m i t i v e .
As shown e a r l i e r ,  t h i s  c r i t e r i o n  i s  n o t  a l o g i c a l  
c o n c lu s io n ,  n e i t h e r  from o u r  p r e s e n t  a ssu m p tio n s  n o r  from 
any a ssu m p tio n s  d i r e c t l y  t h a t  we might want to  a d o p t .  But 
one may ask  what m e r i t  t h e r e  i s  in  th e  r a t i o n a l e  behind 
t h i s  c r i t e r i o n  and M ic k e v ic h 's  t r a n s fo r m a t io n  s e r i e s  
a n a l y s i s —th e  r a t i o n a l e  t h a t  q u i t e  c o r r e c t l y  p o in t s  cu t 
t h a t  ou r  assum ption s  about e v o lu t io n  r e q u i r e  t h a t  t r u e  
c h a r a c t e r  h y p o th eses  be co n g ru en t  w ith  each  o t h e r ,  and 
a rg u e s  t h a t  m a jo r i ty  r u l e  i s  a l l  we can f o l lo w .  Can 
p h y lo g e n e t ic  a n a l y s i s  be done w ith o u t  c h a r a c t e r  a n a ly s i s ?  
At th e  most t r i v i a l  l e v e l ,  no: s t e p  1 i n  c h a r a c t e r
a n a l y s i s  i s  s t i l l  n e c e s s a ry  t o  d e f in e  th e  s e t s  of 
c h a r a c t e r  s t a t e s  t h a t  w i l l  be o rd e red  in  th e  a n a l y s i s .  I f  
no in fo rm a t io n  w ha tso eve r  p e r t i n e n t  t o  s t e p  2 (F ig u re  15) 
i s  a v a i l a b l e ,  th en  t h e  ''common e q u a l  p r im i t iv e "  c r i t e r i o n  
f o r  tw o - s t a t e  c h a r a c t e r s  and M ickevich a n a l y s i s  f o r  
s e v e r a l - s t a t e  c h a r a c t e r s  w i l l  o b v io u s ly  produce t h e  most 
p a rs im o n io u s  h y p o th e s is e  But t h i s  i s  t r u e .o n l y  i f  th e r e  
a r e  no d a ta  a t  s t e p  2 a t  a l l .  And in  such a s i t u a t i o n  i t  
seems obv ious t h a t  a u s e f u l  way to  t e s t  t h e  c l a d i s t i c  
a n a l y s i s  would be to  a n a ly z e  th e  c h a r a c t e r s  more 
th o ro u g h ly  and check th e  co rre sp o n d en ce  o f  c o r ro b o ra te d  
c h a r a c t e r  h y p o th eses  w ith  th e  c lad og ram . Such a d e a r th  o f  
in fo rm a t io n  seems to  me u n l ik e ly  in  any c a s e :  we can
h a rd ly  h e lp  b u t  l e a r n  som ething about th e  d i s t r i b u t i o n  of
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a f e a t u r e  even w hile  c o n c e n t r a t in g  on s t e p  1 ,  and such 
e v id e n c e  shou ld  no t be ig n o re d .
Let me summarize t h i s  d i s c u s s io n  by g e n e r a l i z in g  
b r i e f l y  i n  te rm s o f  l e v e l s  o f  h y p o th e s e s .  I t  has been 
shown in  each example above t h a t  th e  a p p a re n t  parsimony of 
a l t e r n a t i v e  h y p o th eses  a t  th e  c l a d i s t i c  l e v e l  may be 
m is le a d in g  i f  c o n s id e re d  in  i s o l a t i o n ,  w ith o u t  r e f e r e n c e  
t o  low er l e v e l s .  The fundam enta l m is tak e  l a y  in  e v e r  
t r y i n g  t o  a rg u e  t h a t  h y p o theses  o f  homology could be 
t e s t e d  by h i g h e r - l e v e l  h y p o th e s e s .  •C o n tra d ic t io n *  of a 
c o r r o b o ra te d  and u n re fu te d  c h a r a c t e r  h y p o th e s is  by a 
c l a d i s t i c  h y p o th e s is  does n o t  n e g a te  th e  e x i s te n c e  o f  th e  
• e m p i r ic a l  o b s e rv a t io n s *  t h a t  c o r ro b o ra te d  t h a t  c h a r a c t e r  
h y p o th e s is .  The c h a r a c t e r  h y p o th e s is  c a n n o t ,  s t r i c t l y  
s p e a k in g ,  be r e f u t e d  by a c l a d i s t i c  h y p o th e s is  (in  th e  
se n se  of ' r e f u t e *  on page 2 7 ) .  The c h a r a c t e r  h y p o th e s is  
can  o n ly  be t e s t e d  by 'e m p i r i c a l  o b s e r v a t i o n s ' ,  i . e . ,  
s t i l l  l o w e r - l e v e l  h y p o th e se s ,  and can only  be r e f u t e d  by 
be ing  r e p la c e d  by a c h a r a c t e r  h y p o th e s is  t h a t  b e t t e r  
e x p la in s  more such 'e m p i r i c a l  o b s e r v a t i o n s '  (and which may 
o r  may n o t  be con g ru en t with th e  most pars im onious 
c l a d i s t i c  h y p o t h e s i s ) . The u n re fu te d  c h a r a c t e r  h y p o th e s is  
i s  i t s e l f  an 'e m p i r i c a l  o b se rv a t io n *  r e l a t i v e  t o  t h e  
c l a d i s t i c  h y p o th e s i s —not a h y p o th e s is  t o  be t e s t e d  but 
i n s t e a d  a lo w e r - l e v e l  h y p o th e s is  t h a t  i t s e l f  te s ts -  th e  
c l a d i s t i c  h y p o th e s i s .  I f  a c h a r a c t e r  h y p o th e s is  p r e s e n ts
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an anomaly r e l a t i v e  t o  a c l a d i s t i c  h y p o th e s is —t h a t  i s ,  i f  
a c h a r a c t e r  h y p o th e s is  c o n t r a d i c t s  th e  c l a d i s t i c  
h y p o th e s i s —an ad hoc h y p o th e s is  may be used to  e x p la in  
t h e  anom aly , bu t th e  anomalous c h a r a c t e r  h y p o th e s is  s t i l l  
c o n t r a d i c t s  t h a t  c l a d i s t i c  h y p o th e s is  and s u p p o r ts  an 
a l t e r n a t i v e  c l a d i s t i c  h y p o th e s is .  C h a ra c te r  hypo theses 
can  th em se lv es  be t e s t e d  on ly  by s t i l l  lo w e r - le v e l  
h y p o th e s e s .  C h a ra c te r  h y p o th e s e s—h y p o th eses  o f  
homology—can on ly  be t e s t e d  by c h a r a c t e r  a n a l y s i s ,  not 
c l a d i s t i c  a n a l y s i s .
C o n c lu s io n
C l a d i s t i c  a n a l y s i s  has been shown in  th e  above 
d i s c u s s io n  to  g ive  a f a l s e  im p ress io n  o f  o b j e c t i v i t y  and 
' f a l s i f i a b i l i t y *  when fo cu ssed  on to  th e  e x c lu s io n  of 
o th e r  p a r t s  o f  p h y lo g e n e t ic  a n a l y s i s ,  fi r ig o ro u s  method 
o f  c h a r a c t e r  a n a l y s i s  p e rm its  us to  a p p ly  t h e  approach so 
u s e f u l  a t  th e  c l a d i s t i c  l e v e l  t o  an e v a lu a t io n  of o u r  
e v id en ce  f o r  phy iogeny . We must q u e s t io n  th e  
i d e n t i f i c a t i o n s  o f  f e a t u r e s :  th e y  a r e  n o t  a b s o lu te  f a c t s ,
n o r  a r e  th e y  known * by d e f i n i t i o n *  u n le s s  they  a re  
i d e n t i f i e d  on on ly  one organism  and hence u s e le s s  f o r  
p h y lo g e n e t ic  i n f e r e n c e .
The method of c h a r a c t e r  a n a l y s i s  o u t l in e d  above i s  
most u s e f u l  when t h e r e  i s  u n c e r t a i n t y  o r  d isag reem en t 
abou t t h e  e v id e n c e .  In  such c a s e s ,  t h i s  method p ro v id e s  a
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c o n te x t  in  which th e  competing argum ents and hypo these  can 
be e v a lu a te d  and t e s t e d ,  and more ev id e n ce  sought and 
i n c o r p o r a t e d .  C le a r ly  in  mcst a n a l y s e s ,  much o f  t h e  
a n a l y s i s  a t  s t e p  1 (F ig u re  15) does  n o t  need to  be 
d e s c r ib e d  in  d e t a i l  i f  t h e r e  i s  no c o n f l i c t i n g  e v id e n c e .
In  such  c a s e s ,  t h e  p rim ary  u t i l i t y  o f  th e  p rocedu re  i s  in  
k eep ing  th e  r e s e a r c h e r  a l e r t  f o r  th e  o c cu rren c e  and 
s i g n i f i c a n c e  o f  competing e v id e n c e —in  o th e r  words, 
h o ld in g  o n e ’s  hyp o theses  l i g h t l y .  When c o n f l i c t i n g  
e v id e n ce  does o c c u r ,  c h a r a c te r  a n a l y s i s  p ro v id e s  a much 
needed mechanism fo r  o b t a in in g ,  e v a l u a t i n g ,  and 
i n c o r p o r a t i n g  a d d i t i o n a l  in fo r m a t io n — t e s t i n g  th e  
com peting h y p o th e se s .
Because th e  p r e s e n t  s tu d y  was o f  a group o f  e x t i n c t  
t a x a ,  my fo rm u la tio n  o f  t h i s  method o f  c h a r a c t e r  a n a l y s i s  
h a s  em phasized morphology. T h is  i s  n o t  t o  deny t h a t  o th e r  
i n t r i n s i c  f e a t u r e s ,  such a s  p h y s io lo g ic a l  a t t r i b u t e s  or 
b e h a v io r ,  can p ro v id e  ev idence  f o r  th e  p h y lo g e n e t ic  
r e l a t i o n s h i p s  among e x ta n t  t a x a .  Sources o f  ev id e n ce  and 
i n t e r p r e t i v e  t h e o r i e s  f o r  each  s t e p  in  F ig u re  15 co u ld  be 
worked o u t  f o r  o th e r  such so u rc e s  o f  ev id e n ce  f o r  
p h y lo g e n e t ic  r e l a t i o n s h i p .
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MORPHOLOGICAL DESCRIPTION: BACKGROUND
I n t r o d u c t io n
The basic ran iu m  i s  t h a t  p o r t i o n  o f  t h e  base  o f th e  
t e t r a p o d  s k u l l  p o s t e r i o r  t o  th e  p a l a t e .  I t  i s  t y p i c a l l y ,  
e s p e c i a l l y  in  mammals, a m o rp h o lo g ic a l ly  complex r e g io n ,  
r e f l e c t i n g  in  th e  bony s t r u c t u r e  th e  numerous blood 
v e s s e l s  and n e rv e s  e n t e r in g  and e x i t i n g  th e  s k u l l  i n  t h i s  
r e g io n ,  th e  v a r i e t y  o f  m uscle a t ta c h m e n ts  ( a s s o c ia t e d  w ith  
i n c r e a s e d  and more p r e c i s e  movement o f  t h e  h e a d ) ,  and th e  
s e n so ry  o rg an s  housed t h e r e i n —t h e  o rg an s  o f  b a la n c e  and 
o f  h e a r in g .  Another te rm , " a u d i to r y  r e g i o n " ,  r e f e r s  to  
t h a t  p o r t i o n  o f  th e  an im a ls* s  m orphology, in c lu d in g  both 
ha rd  and s o f t  t i s s u e s ,  a s s o c i a t e d  w ith  th e s e  two sen so ry  
o r g a n s . -
Although d e n ta l  morphology has h i s t o r i c a l l y  r e c e iv e d  
t h e  most s tu d y  a s  a so u rc e  c f  c h a r a c t e r s  f o r  taxonom ic o r  
p h y lo g e n e t i c  a n a ly s e s  (perhaps  because  o f  t h e  much g r e a t e r  
number o f  t e e t h  w ell  p re se rv e d  in  th e  f o s s i l  r e c o r d ) ,  t h e  
b a s ic ra n iu m  was reco g n ized  by some a n a to m is t s  w e ll  over a 
c e n tu ry  ago t o  be a n o th e r  r i c h  so u rce  o f  c h a r a c t e r s  in  th e  
s tu d y  o f  t h e  r e l a t i o n s h i p s  among th e  l i v i n g  C a rn iv o ra :  
T u rner  (1858) and Flower (1869) produced th e  f i r s t  rev iew s 
o f  t h e  d i v e r s i t y  w i th in  th e  o r d e r .  Cope (1880a) 
su b s e q u e n t ly  used  a few b a s i c r a n i a l  c h a r a c t e r s  in  h i s  
s t u d i e s  o f  some f o s s i l  c a r n iv o r a n s ,  and M ivart  (1881,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 127
1882, 1885a and b) in c lu d e d  b a s i c r a n i a l  f e a t u r e s  i n  h is  
s u r v e y s ,  bu t  th e n  th e  r e g io n  was l a r g e ly  n e g le c te d  f c r  
h a l f  a c e n tu ry  u n t i l  Hough's d e t a i l e d  a n a ly s e s  of 
c a rn iv o ra n  a u d i to r y  r e g io n s  (Hough, 1944 , 1948, 1 9 5 3 ) .  
Although European p a l e o n t o l o g i s t s  r o u t i n e l y  d e sc r ib e d  
c a rn iv o ra n  b a s i c r a n i a ,  th e y  r a r e l y  drew p h y lo g e n e t ic  
c o n c lu s io n s  from such s t u d i e s .  In  North America, t h i s  
a r e a  was ag a in  n e g le c te d  f o r  a n o th e r  g u a r t e r  c e n tu ry  u n t i l  
R. H. Tedford and h i s  s t u d e n t ,  R . M. H unt, r e tu rn e d  to  th e  
s tu d y  of b a s i c r a n i a l  anatomy and i t s  p h y lo g e n e t ic  
i m p l i c a t i o n s  (Hunt, 1974a, 1974b, 1977; T ed fo rd ,  1976; 
M i tc h e l l  and T ed fo rd ,  1973; Repenning and T ed fo rd . 1977).
Two major s t u d i e s  o f  th e  s t r u c t u r e  and com position  o f  
t h e  mammalian b u l l a e .  Van Kampen's 1905 monograph, and Van 
d e r  K laauw 's  1931 e x te n s io n  o f  th e  s tu d y  t o  f o s s i l  
mammals, surveyed th e  b u l l a r  p o r t io n  o f  th e  a u d i to ry  
r e g io n ,  and to  a l e s s e r  degree  some su r ro u n d in g  
s t r u c t u r e s ,  in  a wide range  o f  mammals, bu t d isc u sse d  
c a r n iv o ra n s  on ly  r e l a t i v e l y  b r i e f l y  i n  th e  a n a l y s e s .
Except f o r  th e s e  mammoth s u rv e y s ,  b a s i c r a n i a l  anatomy was 
l a r g e l y  ig n o red  f o r  a l l  mammalian ta x a  f o r  th e  h a l f  
c e n tu ry  between th e  l a t e  1800®s and World War I I .
However, a re su rg e n c e  of i n t e r e s t  in  b a s i c r a n i a l  anatomy 
and i t s  p h y lo g e n e t ic  im p l i c a t io n s  o c c u rre d  e a r l i e r  in  th e  
s tu d y  o f  p r im a te s  and in s e c t iv o r a n s  th a n  in  c a r n iv o ra n s ,  
s t a r t i n g  fo r  t h e  most p a r t  in  t h e  1 9 5 0 's .  As a r e s u l t .
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t h e  most com plete  o n to g e n e t ic  in fo rm a tio n  f o r  th e  a u d i to r y  
re g io n  now a v a i l a b l e  i s  f o r  p r im a te s  and f o r  th o se  groups 
th o u g h t  t o  be most c lo s e l y  r e l a t e d  to  p r im a te s  ( e .g .  
MacPhee, 1981 and r e f e r e n c e s  c i t e d  t h e r e i n ) •
In  summary, t h e n ,  t h e  b a s i c r a n i a l  r e g io n  o f  most 
f o s s i l  C a rn iv o ra ,  and in d eed  o f  many e x ta n t  forms a s  w e l l ,  
rem ains  in co m p le te ly  s t u d i e d .  Because of t h e  com plex ity  
of th e  r e g io n ,  i t  i s  a r i c h  so u rc e  of ev id e n ce  b e a r in g  on 
p h y lo g e n e t ic  r e l a t i o n s h i p s  w i th in  th e  o r d e r .  T h is  r e p o r t  
p r e s e n t s  th e  r e s u l t s  o f  a f r e s h  s tud y  o f  t h e  b a s i c r a n i a l  
anatomy o f  th e  O ligocene  and Miocene c a t - l i k e  c a r n iv o r a n s ,  
and c o n s id e r s  some p h y lo g e n e t ic  im p l i c a t io n s  of th o s e  
r e s u l t s .
V
G enera l  s t r u c t u r e  of th e  c a rn iv o ra n  b a s ic ra n iu m :
F ig u r e s  22 and 23 i l l u s t r a t e  th e  bones and s t r u c t u r e s  
in  th e  b a s i c r a n i a l  r e g io n  o f  a c a rn iv o ra n  s k u l l .  The 
em phasis  in  t h i s  d e s c r i p t i o n  w i l l  be on th e  o s te o lo g y ,  
s i n c e  t h a t  i s  what i s  p re se rv e d  in  th e  f o s s i l  m a t e r i a l .  
S o f t  anatomy and ontogeny w i l l  be more b r i e f l y  rev iew ed , 
because  some s t r u c t u r e s  a r e  c o n s i s t e n t  enough w i th in  
Mammalia to  f a i r l y  s a f e l y  i n f e r  t h e i r  p re sen c e  or 
c o n d i t io n  from th e  bony anatomy, and because  th e  s o f t  
anatomy and ontogeny o f  e x t a n t  forms a id s  i n  th e  
u n d e rs ta n d in g  and o r i e n t a t i o n  o f  th e  o sseo u s  anatomy. The 
b a s i c r a n i a l  r e g io n ,  f o r  ou r  p u rp o se s ,  i s  bounded
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a n t e r i o r l y  by th e  t r a n s v e r s e l y  e lo n g a te d  g len o id  
f o s s a e —th e  s i t e s  of a r t i c u l a t i o n  w ith  th e  co ndy les  of t h e  
m and ib le .  P o s t e r i o r l y ,  t h e  two o c c i p i t a l  c o n d y le s ,  on 
e i t h e r  s i d e  o f  th e  foramen magnum, p ro v id e  th e  s u r f a c e s  
f o r  a r t i c u l a t i o n  o f  t h e  s k u l l  w ith  th e  a t l a s ,  th e  f i r s t  
c e r v i c a l  v e r t e b r a .
I t  w i l l  be s im p le r  t o  rev iew  th e  bones of t h e  
b a s ic ra n iu m  from th e  r e a r  fo rw a rd .  Along t h e  c e n t r a l  
a x i s ,  th e  b a s isp h e n o id  and b a s i o c c i p i t a l  ro o f  th e  
p h a ry n g e a l  r e g io n .  The p o s te r io r - m o s t  o f  th e s e  mid l in e  
e lem en ts  i s  th e  b a s i o c c i p i t a l ,  f lank ed  on e i t h e r  s i d e  by 
t h e  e x o c c i p i t a l  bones. The b a s i o c c i p i t a l  forms a t  l e a s t  
t h e  p o s t e r i o r  p o r t io n  and sometimes th e  e n t i r e  l e n g th  o f  
t h e  m edial margin of each a u d i to r y  r e g io n ,  a b u t t in g  the  
p e t r o s a l  bone and v e n t r a l l y  t h e  b u l la  i t s e l f  i f  t h e  l a t t e r  
i s  p r e s e n t .  W ithin t h i s  m arg in , th e  b a s i o c c i p i t a l  i s  
grooved o r  channeled f o r  th e  i n f e r i o r  p e t r o s a l  venous 
s i n u s .  I f  t h i s  channe l i s  on th e  l a t e r a l  s u r f a c e  and i s  
fac ed  by a co rre sp o n d in g  s u lc u s  in  th e  p e t r o s a l ,  a can a l  
i s  th e re b y  form ed, term ed here  t h e  p e t r o b a s i l a r  c a n a l .  
P o s t e r i o r l y  a lo n g  t h i s  m arg in , t h e  b a s i o c c i p i t a l  may be 
em arg ina ted  and c o n t r i b u t e  to  t h e  o c c i p i t a l  edge o f  the  
p o s t e r i o r  l a c e r a t e  fo ram en . On th e  v e n t r a l  s u r f a c e  of th e  
b a s i o c c i p i t a l  a re  s c a r s  o r  r u g o s i t i e s  upon which i n s e r t  
t h e  lon gus  c a p i tu s  and t h e  r e c t u s  c a p i t i s  v e n t r a l i s  
m u sc le s ,  which a c t  t o  p u l l  t h e  head v e n t r a l l y .
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The e x o c c i p i t a l  bones c a r r y  p o s t e r i o r l y  t h e  o c c i p i t a l  
con d y le s  and a n t e r i o r l y  form t h e  p o s t e r io r  margin o f  th e  
a u d i to r y  r e g io n .  They a r e  t y p i c a l l y  produced i n t o  
p a r o c c i p i t a l  p r o c e s s e s ,  upon which i n s e r t  a v a r i e ty  of 
neck m u sc le s .  These p ro c e s s e s  may be c lo s e l y  ap p re ssed  to  
t h e  back of t h e  b u l l a  (as in  f e l o i d s )  o r  e lo n g a te d  in to  a 
d i s t i n c t  p ro ce ss  d i r e c t e d  v e n t r a l l y  o r  p o s t e r i o r l y .  A 
h y p o g lo ssa l  foramen o r  c a n a l  p i e r c e s  th e  e x o c c i p i t a l ,  
p ro v id in g  passage  f o r  th e  e x i t  o f  th e  h y p o g lo ssa l  nerve  
(X I I ) ,  and p e rhaps  a v e in  in  some form s (see  Guth, 1964). 
On th e  i n t e r n a l  s u r f a c e  of th e  e x o c c i p i t a l ,  a c a n a l  
e x te n d s  from th e  s igm oid  s u lc u s  p o s t e r i o r l y  to  open on th e  
i n t e r n a l  s u r f a c e  o f  foramen magnum; i n  l i f e ,  t h i s  c an a l  
c a r r i e s  th e  o c c i p i t a l  ve in  from th e  s igm oid  s in u s  t o  th e  
v e r t e b r a l  s i n u s .
I n  th e  a d u l t s  o f  many mammals, t h e  b a s i c c c i p i t a l  
f u s e s  w ith  the  e x o c c i p i t a l ,  and th e  l a t t e r  w ith  t h e  
s u p r a o c c i p i t a l , to  form what i s  g e n e r a l ly  kncwn a s  t h e  
o c c i p i t a l  bone. The p o s i t io n  o f  t h e  s u t u r e s  between th e  
s e p a r a t e  e lem en ts  l i s t e d  above a r e  n o t  g e n e r a l ly  v i s i b l e  
in  t h e  a d u l t .  Two o t h e r  “f u s io n  bones*1 r e p r e s e n t  t h e  
c o - o s s i f i c a t i o n  of m u l t i p l e ,  d i s t i n c t  e le m e n ts  in  seme 
fo rm s: th e  “ tem p o ra l  bone** ( te rm ino logy  from human
anatomy) and th e  spheno id  bone ( S ta r c k ,  1967: 4 8 0 ) .  S ince  
much o f  th e  n o m en c la tu re  i s  based on t h a t  developed  fo r  
human anatomy, many t e x t s  w i l l  d i s c u s s  t h e  o c c i p i t a l ,  o r
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t h e  t e m p o ra l ,  even o f  an im als  i n  which th e  deg ree  o f  
f u s io n  between th e  com ponent-e lem ents i s  n o t  n e a r ly  as 
e x te n s iv e  a s  i n  Homo. There a r e  two d is a d v a n ta g e s  to  t h i s  
p r a c t i c e :  f i r s t ,  th e  language  becomes u n n e c e s s a r i ly
cumbersome, w ith  th e  on ly  b e n e f i t  (and a ve ry  du b io u s  one 
a t  t h a t )  be ing  t h a t  i t  im p l ie s  t h e  human c o n d i t io n  fo r  
com parison . Compare " p a r s  squamosa o f  th e  t e m p o r a l i s ” 
w ith  "squam osa l” , f o r  exam ple.
The o th e r  d e t r im e n t  i s  t h a t  such te rm ino logy  im p l ie s  
i n c o r r e c t  hom olog ies , and makes i t  very  co n fu s in g  t o  s o r t  
o u t  d e rm a l,  e n d o ch o n d ra l ,  and membrane b o n e s .  For 
exam ple, t h e  p e t r o s a l  i s  l a r g e l y  an o s s i f i c a t i o n  o f  the  
o t i c  c a p s u le  and t h e r e f o r e  endochondral (w ith  some 
membrane bene e x t e n s i o n s ) , and a f e a t u r e  c h a r a c t e r i s t i c  o f  
a t  l e a s t  g n a th o s to m es . (Of c o u r s e ,  t h e  p a rs  c o c h le a r i s  o f  
th e  p e t r o s a l  i s  found on ly  in  mammals, and i n  a d i f f e r e n t  
form in  b i r d s ,  in  which th e  c o ch lea  i s  s t r a i g h t . )  The 
squam osal and ec to ty m p an ic  a re  dermal in  o r i g i n ,  and a re  
both  e le m e n ts  thou gh t t o  have been p r e s e n t  i n  th e  common 
r h i p i d i s t i a n  a n c e s to r  i f  n o t  in  th e  o s t e ic h th y a n  a n c e s t o r ,  
in  some form , E n to tym pan ics , however, a r e  u s u a l ly  
membrane bone, in  P a t te r s o n * s  (1977a) se n se  c f  th e  term ; 
most a r e  preform ed in  c a r t i l a g e  and a r e  g e n e r a l ly  b e l ie v e d  
t o  be neomorphs in  e u t h e r i a n s .  Yet a l l  o f  
t h e s e — p e t r o s a l ,  sguam osa l, e c to ty m p a n ic ,  and 
en to ty m p an ics— a r e  f r e q u e n t ly  a l l  c o n s id e re d  p a r t  o f  one
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bone; th e  te m p o ra l ,  b ecause  a l l  th e s e  p a r t s  a re  
e x te n s iv e ly  c o - o s s i f i e d  in  a d u l t  humans. A f a i l u r e  to  
r e a l i z e  t h a t  t h e  human te rm in o lo g y  i s  an 
o v e r s i m p l i f i c a t i o n  can  lea d  t o  r a t h e r  g r e a t  e r r o r s  in  
d i s c u s s io n s  o f  o th e r  g roup s:  "squam osal"  i s  f r e q u e n t ly
tak en  a t  a s u p e r f i c i a l  l e v e l  to  be a g e n e ra l  synonym of 
" te m p o ra l" ,  f o r  exam ple , which a p p a r e n t ly  l e d  E isenberg  
(1981: 120) t o  make t h e  s u r p r i s i n g  s ta te m e n t s  t h a t  a r c t o id  
and cynoid  c a rn iv o ra n s  have b u l l a e  "composed a lm ost 
e n t i r e l y  o f  t h e  squam osal bone", and t h a t  t h e  f e l o i d s  have 
b u l l a e  "composed o f  a p o r t io n  o f  th e  squam osal bone and an 
expanded p o r t io n  o f  t h e  endotym panic b one" . This i s  a 
c l e a r  example o f  t h e  s o r t  o f  m is in fo rm a tio n  t h a t  ambiguous 
te rm in o lo g y  can g e n e r a t e .
S in c e  th e  goa l  o f  any com para tive  s tu d y  i s  t o  
u n d e rs ta n d  more than one s p e c i e s ,  we a r e  b e s t  se rv e d  by 
te rm in o lo g y  t h a t  i s  most w idely  a p p l i c a b l e .  T h ere fo re  I  
r e j e c t  t h e  con ven tion  t h a t  te rm ino logy  from human anatomy 
i s  th e  s ta n d a rd  (c o n tra  C a r tm i l l ,  1S75, f o r  exam p le ) ,  and 
w i l l  use  s e p a r a t e  names f o r  th e  e lem en ts  c o n s i s t e n t l y  
d i s t i n c t  i n  a t  l e a s t  some mammals. F u s io n s  can th e n  be 
e a s i l y  d e sc r ib e d  in  te rm s  o f  th o s e  e le m e n ts .
F ig u re  24 i l l u s t r a t e s  th e  main e lem en ts  in  th e  
b as ic ran iu m  o f  an o s s i f y i n g  dog s k u l l .  A n t e r o l a t e r a l  to  
t h e  o c c i p i t a l  e le m e n ts ,  o s s i f i c a t i o n  o f  th e  o t i c  c a p su le  
p roduces  th e  p e t r o s a l  bone . As M acIntyre  (1972) p o in te d
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o u t ,  t h e  p e t r o s a l  may b e s t  be v i s u a l i z e d  rou gh ly  a s  an 
e lo n g a te  t e t r a h e d r o n ,  o r  more p r e c i s e l y ,  a s  a t h r e e - f a c e d  
ovoid  a n t e r i o r l y  ( th e  p e tro u s  p o r t io n )  and a rough ly  
pyram idal p o r t io n  p o s t e r o l a t e r a l l y  ( th e  m asto id  p o r t i o n ) . 
On th e  p e t ro u s  p o r t io n  th e r e  a r e  d i s t i n c t  f a c e s ,  one 
f a c in g  t h e  squamosal bone a n t e r o l a t e r a l l y , a second fa c in g  
d o rso m e d ia lly  ( th e  c e r e b e l l a r  s id e )  , and a t h i r d  f a c in g  
v e n t r a l l y  ( th e  tym panic  s u r f a c e ) . The m asto id  p o r t io n  
p r o j e c t s  d o r s a l l y ,  fo rm ing  th e  p o s t e r o l a t e r a l  c o rn e r  of 
t h e  b r a i n c a s e ,  and l a t e r a l l y  i s  produced i n  many t a x a  i n t o  
a m asto id  p ro c e ss  f o r  muscle a t t a c h m e n ts .  T h is  l a t t e r  
p ro c e s s  may become v e n t r a l l y  e lo n g a te  in  re sp o n se  to  
m o d if ic a t io n s  o f  th e  jaw m u sc u la tu re .
As a l r e a d y  m entioned above, th e  m edia l margin of th e  
p e t r o s a l  c a r r i e s  a s u l c u s  fo r  t h e  i n f e r i o r  p e t r o s a l  s i n u s ,  
and th u s  forms th e  l a t e r a l  w all o f  th e  p e t r o b a s i l a r  can a l  
i f  one i s  p r e s e n t .  I n  th e  p o s te ro m e d ia l  c o rn e r  of th e  
p e t r o s a l ,  an e m a rg in a t io n  marks th e  p o s i t i o n  of th e  
p o s t e r i o r  l a c e r a t e  fo ram en . W ithin t h i s  e m a rg in a t io n  
(sometimes term ed th e  ju g u la r  n o tch )  l i e s  t h e  a p e r tu r e  of 
th e  c o c h le a r  a q u e d u c t ,  t h e  bony c a n a l  i n t o  t h e  co ch lea  
p ro v id in g  passag e  f o r  t h e  p e r i ly m p h a t ic  d u c t .  The v e n t r a l  
f a c e  o f  th e  p e t r o s a l  i s  produced in to  a p rcm cntorium , and 
b e a r s  th e  f e n e s t r a  v e s t i b u l i  ( a c ro ss  which t h e  f o o t p l a t e  
of t h e  s t a p e s  f i t s )  and th e  a p e r tu r e  o f  t h e  c o c h le a r  
f o s s u l a  (w ith in  which i s  th e  c o c h le a r  f e n e s t r a  c lo s e d  by
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t h e  seco ndary  tym panic membrane). In  ta x a  w ith th e  
i n t e r n a l  c a r o t i d  a r t e r y  and n e rv e  c o u rs in g  in  a l a t e r a l  
p o s i t i o n  a c r o s s  th e  prom ontcrium , th e  s u r f a c e  o f  t h e  
l a t t e r  may b e a r  g rooves o r  even en c lo se d  tu b e s  f o r  th e s e  
s t r u c t u r e s .
At th e  d o r s a l -m o s t  edge o f th e  sguam osal f a c e  c f  t h e  
p e t r o u s  p o r t i o n ,  a s u lc u s  i s  p r e s e n t  in  t a x a  p o s s e s s in g  a 
s u p e r io r  p e t r o s a l  venous s in u s  o f  s i g n i f i c a n t  s i z e .  The 
c r i s t a  p e t r o s a ,  run n in g  a long  t h e  d o r s a l  m argin down to  
t h e  a n te ro m e d ia l  ap ex ,  c o n s t i t u t e s  th e  edge between the  
sguam osal and c e r e b e l l a r  f a c e s .  V a riab ly  p la c e d  somewhere 
on th e  a n t e r i o r  margin o f  th e  p e t r o s a l ,  t h e  h ia tu s  
f a c i a l i s  i s  th e  a p e r t u r e  o f  th e  p assag e  o f  th e  g r e a t e r  
s u p e r f i c i a l  p e t r o s a l  ne rve  th rough  th e  p e t r o s a l  from i t s  
o r i g i n  a s  a branch o f  th e  f a c i a l  nerve (VII) a t  t h e  
g e n ic u l a t e  g a n g lio n .  The nerve  p a s se s  o u t  o f  th e  h i a t u s  
f a c i a l i s ,  and between th e  spheno id  and th e  p e t r o s a l ,  
e i t h e r  th ro u g h  a p e r s i s t e n t  p i r i f o r m  f e n e s t r a  o r  th ro ugh  a 
foramen l e f t  i n  th e  s u t u r e  between th e s e  e le m e n ts .  I t  
th e n  t r a v e l s  d ia g o n a l ly  on th e  v e n t r a l  s u r f a c e  c f  t h e  
b a s isp h e n o id  t o  th e  p o s t e r i o r  a p e r t u r e  o f  t h e  p te ry g o id  
c a n a l .
On t h e  c e r e b e l l a r  f a c e  o f  th e  p e t r o s a l ,  t h e  l a r g e s t  
f e a t u r e  i s  th e  i n t e r n a l  a u d i to ry  m eatus, t h e  a p e r tu r e  
th ro u g h  which th e  f a c i a l  (VII) and a u d i to ry  (VIII) n e rv e s ,  
in  company w ith  v a r io u s  blood v e s s e l s ,  e n t e r  th e  o t i c
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c a p s u le  (see  F ig u re  2 5 ) •  D o rsa l  to  t h e  i n t e r n a l  a u d i to ry  
m ea tu s ,  th e  s u b a rc u a te  f o s s a  may be more o r  l e s s  d i s t i n c t ;  
t h e r e  i s  both taxonom ic and o n to g e n e t i c  v a r i a t i o n  i n  t h i s  
s t r u c t u r e  ( K i l l e r  e t  a l . ,  196«: 1 9 ) .  The p o s t e r i o r  margin 
o f  t h e  i n t r a c r a n i a l  s u r f a c e  of th e  p e t r o u s  p o r t io n  o f  th e  
p e t r o s a l  i s  d e l im i te d  by th e  sigm oid  s u lc u s  descend ing  
from th e  t r a n s v e r s e  s u lc u s  above down t o  th e  p o s t e r i o r  
l a c e r a t e  foram en. In  th e  p e t ro u s  margin o f  t h i s  s u l c u s ,  
t h e  v e s t i b u l a r  aq u ed u c t  opens i n t o  a s l i t l i k e  f o s s a : th e
aqueduct i s  t h e  bony passage  th ro u g h  th e  p e t r o s a l  f o r  th e  
endo lym phatic  d u c t ,  and th e  s l i t l i k e  f o s s a  houses th e  
endo lym phatic  s a c ,  which p r o t r u d e s  o u t  between two la y e r s  
o f  th e  dura  m ater (Bast and Anson, 19tt9).  Seme t a x a  have 
a foramen i n  th e  p o s t e r i o r  w a ll  o f  th e  s igm oid  s u l c u s ,  
th ro u g h  th e  w a ll  o f  t h e  m asto id  t o  th e  p o s t e r i o r  s u r f a c e  
o f  th e  s k u l l .  Guth (196U) showed t h i s  f o r  th e  dog and 
found t h a t  a  v e in  passed  th rough  i t  f ro m .th e  sigm oid 
s i n u s .
S e v e ra l  bones in  th e  a u d i to r y  re g io n  may have 
membrane bone o u tg ro w th s  h e lp in g  to  r o o f  th e  tympanic 
c a v i t y —i . e . ,  ep ity m p an ic  w ing s . In  mammals th e  p e t r o s a l  
most c o n s t a n t ly  has a t  l e a s t  a p o s t e r o l a t e r a l  wing 
dev e lo p ed , which d e v e lo p s  from th e  c r i s t a  p a r c t i c a  c f  th e  
v e n t r a l  f a c e  o f  th e  p e t r o s a l .  T h is  i s  t h e  tegmen ty a p a n i ,  
which grows a n t e r i o r l y  t o  ro o f  ove r a l a r g e  p o r t io n  c f  th e  
tym panic  c a v i t y .  At. th e  base  o f  th e  m asto id  p r o c e s s ,  th e
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c r i s t a  p a r o t i c a  forms t h e  hyoid p r o c e s s ,  t o  which i s  
a t t a c h e d  th e  tym panohyal o f  th e  hyoid a p p a r a t u s .  I n  some 
fo rm s , such a s  Homo, p roxim al segm ents o f  t h e  hyoid  
a p p a ra tu s  a re  a c t u a l l y  fu sed  to  th e  p e t r o s a l ,  and form an 
e lo n g a te  p ro ce ss  from th e  a u d i to r y  r e g io n .  In  humans, 
both  tympanohyal and s ty lo h y a l  a r e  f u s e d ,  so  t h a t  th e  
r e s u l t i n g  p ro c e s s  i s  termed th e  s t y l o i d  p r o c e s s .  De Beer 
(1937) a p p a re n t ly  c o n s id e re d  th e  hyoid p ro c e s s  in  th e  
dom es tic  c a t  t o  be a s t y l o i d  p ro c e ss  p r o p e r ,  bu t t h i s  i s  
c o n t r a d ic t e d  by th e  p re sen c e  of i d e n t i f i a b l e  tympanohyal 
and s ty lo h y a l  e le m e n ts  w ith in  th e  hyoid c h a i n .  Thus 
i d e n t i f i c a t i o n  o f  th e  p o in t  of a t ta c h m e n t  o f  th e  hyoid  
a p p a r a tu s  a s  a s t y l o i d  p ro ce ss  i s  n o t s u f f i c i e n t  a s su ra n c e  
t h a t  such a p ro c e ss  r e p r e s e n t s  more th an  m erely  t h e  p o in t  
o f  a r t i c u l a t i o n  o f  t h e  hyoid on th e  c r i s t a  p a r o t i c a ,  
b ecause  c f  th e  tendency  to  use nom enc la tu re  from human 
anatomy even when th e  l a t t e r  has i n c o r r e c t  im p l i c a t io n s  
f o r  th e  homology o f  t h e  s t r u c t u r e  in  q u e s t i o n .  
C o n seq u en tly ,  I  have used th e  n e u t r a l  **hyoid p r o c e s s ’* 
u n le s s  more s p e c i f i c  (u su a l ly  o n to g e n e t ic )  in fo rm a t io n  i s  
a v a i l a b l e .
The tegmen tympani i s  excava ted  f o r  v a r io u s  
s t r u c t u r e s  o f th e  m iddle  e a r .  a t  i t s  l a t e r a l  edg e , above 
and m edia l to  th e  tym panic membrane, a d i s t i n c t  f o s s a ,  th e  
ep ity m p an ic  r e c e s s ,  houses th e  in c u s ,  head o f  th e  m a l le u s ,  
and th e  a r t i c u l a t i o n  between th e  two o s s i c l e s .  A
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secondary  r e c e s s  may be p r e s e n t  w i th in  t h e  ep itym p an ic  
r e c e s s  p ro p e r  f o r  th e  s h o r t  arm o f  th e  i n c u s ,  which i s  
moveably connec ted  t o  th e  ro o f  o f  th e  tym panic  c a v i ty  by 
l ig a m e n ts .  A nteroroedial t o  th e  ep ity m p an ic  r e c e s s ,  a 
l a r g e  f o s s a ,  t h e  f o s s a  m u sc u la r is  m a jo r ,  i s  th e  s i t e  of 
o r i g i n  o f  th e  t e n s o r  tympani m uscle . In  some c a r n iv o r a n s ,  
t h i s  f o s s a  i s  a lm ost co m ple te ly  f lo o r e d  o v e r  by a t h in  
s h e e t  o f  bone, so t h a t  t h e  o r i g in  o f  th e  m uscle i s  deep in
r
a bony p o c k e t .  P o s t e r i o r  to  th e  fo s s a  m u s c u la r is  m ajor, 
r i g h t  a t  th e  b ase  o f  th e  prom ontorium , th e  f a c i a l  su lc u s  
i s  p r e s e n t  a s  a groove o r  e n c lo sed  tu b e  in  t h e  tegmen 
tym pan i, from th e  f a c i a l  foramen a n t e r i o r l y ,  ex ten d ing  
l a t e r a l l y  d o r s a l  t o  t h e  f e n e s t r a  v e s t i b u l i ,  p o s t e r io r l y  t o  
t h e  m edial w a ll  o f  t h e  m asto id  p r o c e s s ,  and then  v e n t r a l l y  
t o  th e  e x i t  o f  th e  f a c i a l  nerve  from th e  tym panic c a v i ty  
v i a  th e  s ty lo m a s to id  foram en. T h is  s u l c u s  i s  t y p i c a l l y  
p r e s e n t  a s  a very  d i s t i n c t  groove o r  c h an n e l  in  th e  median 
f a c e  o f  th e  m asto id  p r o c e s s ;  th e  s ty lo m a s to id  foramen 
i t s e l f  i s  formed by t h e  b u l l a r  e le m e n ts ,  which may a ls o  
ex tend  d o r s a l l y  t o  form a median w all t o  th e  channe l in  
t h e  m astoid  p r o c e s s .  Near th e  p o in t  where t h e  f a c i a l  
s u lc u s  d iv e s  v e n t r a l l y  a long  th e  m asto id  p r o c e s s ,  th e  
s t a p e d iu s  muscle o r i g i n a t e s  in  a fo s s a  m u sc u la r is  m inor. 
D eveloproen ta lly , t h e r e  may be p re s e n t  a d i s t i n c t  a n t e r i o r  
ep ity m pan ic  wing o f  t h e  p e t r o s a l  as w e l l  a s  the  more 
l a t e r a l  tegmen tym pan i, b u t  th e s e  a r e  i n d i s t i n g u i s h a b ly
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fu sed  in  th e  a d u l t  i n  a lm ost a l l  c a se s  (MacPhee, 1981), 
and no a t te m p t  w i l l  be made to  d i s t i n g u i s h  between them 
h e r e .
The sguam osal bone forms p a r t  o f  t h e  s i d e  of t h e  
b r a in  c a se  above th e  a u d i to ry  r e g io n ,  th e  p o s t e r i o r  p a r t  
o f  t h e  zygom atic  a r c h ,  and th e  bony f o s s a  f o r  th e  
a r t i c u l a t i o n  o f  th e  m andib le  w ith  th e  s k u l l .  Above the  
e x t e r n a l  a u d i to ry  m ea tu s ,  th e  squam osal i s  f r e q u e n t ly  
formed i n t o  a sh a rp  edge o r  even a s h e l f ,  form ing th e  ro o f  
to  th e  m ea tu s .  A p o s tg le n o id  foramen i s  p r i m i t iv e l y  
p r e s e n t ,  p ro v id in g  e g r e s s  f o r  th e  s u p e r i o r  p e t r o s a l  s in u s  
( p a r t  o f th e  e x t e r n a l  ju g u la r  d r a i n a g e ) • I t  may be found 
in  a v a r i e t y  o f  p o s i t i o n s  w i th in  th e  squam osal p o r t io n  of 
th e  a u d i to r y  r e g io n ,  anywhere m e d ia l ly  o r  l a t e r a l l y  w ith in  
t h e  p o s t e r i o r  w all  o f  t h e  p e d e s t a l  above th e  g le n o id  
f o s s a ,  t o  more p o s t e r i o r l y  w i th in  th e  s h e l f  overhanging 
th e  e x t e r n a l  a u d i to r y  m eatus.
A v a r i a b l e  amount o f th e  m astoid  p ro c e s s  may be 
d e r iv e d  from a p o r t io n  of th e  squam osal c o - o s s i f i e d  with 
t h e  m asto id  p o r t io n  o f  th e  p e t r o s a l ;  van de r  Klaauw (1931: 
13 8) fo llow ed van Kampen (1905: 353) in  d i s t i n g u i s h in g  th e  
squam osal c o n t r i b u t i o n . t o  t h i s  p ro c e ss  from th e  m astoid  
and te rm ing  t h e  fo rm er a p o s ttym p an ic  p r o c e s s .  Because 
t h e  s u t u r e  i s  n o t  alw ays v i s i b l e ,  and th e  p ro c e ss  i s  
f u n c t i o n a l l y  one p r o c e s s ,  I  have no t t r i e d  t o  d i s t i n g u i s h  
between po s tty m pan ic  p ro c e s s e s  and m asto id  p ro c e s s e s
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p r o p e r .  The d eg ree  o f  squam osal c o n t r i b u t i o n  may be a 
u s e f u l  taxonom ic c h a r a c t e r ,  b u t  w i l l  r e q u i r e  o n to g e n e t ic  
in fo rm a t io n  in  many c a s e s  t o  d e te rm in e  th e  c o n d i t io n  of 
t h e  c h a r a c t e r  in  each ta x o n .
In  mammals in  g e n e r a l ,  th e  c o n s ta n t  e lem ent in  the  
f l o o r  o f  t h e  tym panic c a v i ty  i s  th e  e c to ty m p a n ic  (o r 
" tym panic  r i n g " ) , th e  bone s u p p o r t in g  th e  tym panic 
membrane. P r i m i t i v e l y ,  and a l s o  i n i t i a l l y  i n  developm ent, 
t h e  e c to ty m p an ic  i s  h o rse sh o e -sh a p ed  r a t h e r  th an  r i n g l i k e ;  
t h e  a n t e r i o r  horn  a t t a c h e s  to  t h e  squam osal behind th e  
p o s tg le n o id  p r o c e s s ,  o f te n  in  a p i t ,  and th e  p o s t e r i o r  
c ru s  t o  t h e  a n t e r i o r  o r  a n te ro m e d ia l  f a c e  o f  th e  m asto id  
p r o c e s s .  In  a v a r i e t y  o f t a x a ,  in  which th e  two arms may 
o r  may n e t  meet d o r s a l l y  t o  form a c lo s e d  r i n g ,  th e  
ec to ty m p a n ic  i s  expanded e i t h e r  m e d ia l ly ,  so  t h a t  i t  
f l o o r s  more o f  th e  tym panic  c a v i t y ,  o r  l a t e r a l l y ,  
p roduc in g  an o sseo u s  e x te r n a l  a u d i to r y  m ea ta l  t u b e ,  o r 
b o th ;  any o f  th e s e  p o s s i b l e  e x p a n s io n s  a l s o  r e s u l t s  in  an 
e c to ty m p a n ic  t h a t  i s  n o t  r i n g l i k e .  Because o f e i t h e r  o f  
t h e  p o s s i b l i t i e s ,  t h e r e f o r e ,  th e  term " tym panic  r i n g "  
sho u ld  be avo ided  in  fav o r  c f  t h e  term  " e c to ty m p a n ic " .
On t h e  i n t e r n a l  s u r f a c e  o f  th e  e c to ty m p a n ic ,  t h e  p a r s  
t e n s a  o f  th e  tym panic  membrane i s  a t t a c h e d  t o  a  s u lc u s  in  
t h e  bone v ia  l ig a m e n t s .  The m ed ia l m argin o f  t h i s  su lc u s  
i s  produced i n t o  a s h a rp  r i d g e ,  th e  c r i s t a  ty m p an ica .
T h is  s u l c u s  and r id g e  ex ten d  around most o f  th e  d iam e te r
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of  th e  open ing  e x c e p t  d o r s a l l y ,  where th e  p a r s  f l a c c i d a  o f  
t h e  tym panic  membrane i s  p r e s e n t ,  d o r s a l  t o  th e  m a l le u s .
The tu b a l  c a r t i l a g e  c o v e rs  th e  a u d i to r y  tube  a long  
most o f  i t s  l e n g th  between pharynx and tym panic c a v i t y ,  
and t h e r e f o r e  p a sse s  th rough  an a p e r t u r e  i n  th e  
a n te ro m e d ia l  c o rn e r  o r  a n t e r i o r  w a l l  o f  th e  osseous b u l l a .  
In  some form s, th e  l i p s  o f  t h i s  o sseo u s  t u b a l  a p e r tu r e  a r e  
e lo n g a t e ,  form ing a s h o r t  tu b e ,  w h ile  in  o t h e r s ,  p a r t i a l  
s e p ta  p a r t i t i o n  o f f  a bony ch an ne l f o r  th e  t u b a l  
c a r t i l a g e .  A ccording to  MacPhee (1981: 15) th e  t u b a l  
c a r t i l a g e  i s  a mammalian neomorph n o t  c l e a r l y  d e r iv a b le  
from th e  v i s c e r a l  s k e l e t o n .  MacPhee (1979: 36; 1981: 26)
a l s o  s t a t e d  t h a t  th e  r o s t r a l  en to tym pan ic  in  some ta x a  
a p p a r e n t ly  dev e lo p s  i n  c o n t i n u i t y  ab i n i t i o  with t h e  r e a r  
p o r t io n  o f  th e  tu b a l  c a r t i l a g e .  This a p p e a rs  t o  be the  
c a se  in  Pr o ca v i a . D asypus. and T u p a ia . In  c o n t r a s t ,  th e  
primordium of th e  r o s t r a l  en to tym p an ic  i s  seen  to  a r i s e  
in d e p e n d e n t ly  from , a l th o u g h  i t  may l a t e r  f u s e  w i th ,  th e  
t u b a l  c a r t i l a g e  in  M v o tis . R o u s e t tu s . C vnocephalus. and 
m a c ro s c e l id e a n s .  T here  i s  a p p a re n t ly  n o t  y e t  any 
p u b l ish e d  in fo rm a tio n  on t h i s  p o in t  f o r  c a r n iv o r a n s .
A nother im p o r ta n t  f e a t u r e  o f  th e  a n t e r i o r  margin o f  
t h e  b u l la  i s  t h e  G la s e r ia n  f i s s u r e .  During on togeny , 
Meckel*s c a r t i l a g e  p a s s e s  th rough  th e  f i s s u r e  between th e  
squam osal o r  a l i s p h e n o id  bones b o rd e r in g  th e  a u d i to ry  
r e g io n  a n t e r i o r l y  and th e  e c to ty m p a n ic ,  and second .
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between th e  ec to ty m p a n ic  (and o th e r  f l o o r i n g  e lem ents) and 
th e  tym panic  r o o f .  L a t e r ,  Meckel*s c a r t i l a g e  becomes 
d i s c o n t in u o u s ,  b u t  t h e  blood v e s s e l s  and n e rv es  t h a t  
passed  th rou gh  th e  f i s s u r e  in  a s s o c i a t i o n  w ith  th e  
c a r t i l a g e  p e r s i s t —most n o ta b ly  th e  chorda  tympani nerve  
(which r a n  a lo n g  th e  in n e r  a s p e c t  o f  M eck e l 's  c a r t i l a g e )  
and th e  i n f e r i o r  ramus o f  th e  s t a p e d i a l  a r t e r y  i f  t h e  
l a t t e r  i s  p r e s e n t .  T h is  f i s s u r e  i s  term ed th e  
“p e tro ty m p a n ic  f i s s u r e ” in  human anatomy, b u t  I  fo l lo w  
MacPhee (1981: 55) in  p r e f e r r i n g  th e  eponymous name 
“G la s e r ia n  f i s s u r e ” becau se  th e  form er term  i s  not 
d e s c r i p t i v e  o f  th e  c o n d i t io n  in  most a n im a ls .
The ec to ty m pan ic  forms a v a r i a b l e  amount o f  t h e  f l o o r  
o f  th e  tym panic  c a v i t y .  In  some ta x a ,  such as  u r s i d s ,  
o t a r i i d s ,  and l u t r i n e  and m eph it ine  m u s te l id s  among the  
C a rn iv o ra ,  and members o f  th e  I n s e c t i v o r a ,  f i r t i o d a c t y l a ,  
P e r i s s o d a c t y l a , C e ta c e a ,  R o d e n t ia ,  Lagomorpha, and 
P ro b o s c id e a ,  th e  b u l l a  i s  composed l a r g e l y  o r  e n t i r e l y  o f 
t h e  ec to ty m p an ic  e lem en t (Novacek, 1 9 7 7 ) .  I t  may be g u i t e  
i n f l a t e d  r e l a t i v e  to  th e  s i z e  o f  th e  s k u l l ,  as in  many 
r o d e n t s ,  and i n  a d u l t s  i s  f r e q u e n t ly  g u i t e  d i f f i c u l t  to  
e s t a b l i s h  a s  a t r u e  (e c to ) ty m p an ic  b u l l a  r a t h e r  th a n  a 
com posite  b u l l a .
In  many mammals, o th e r  e lem en ts  c o n t r i b u t e  t o  th e  
com position  o f  t h e  a u d i to r y  b u l l a .  Novacek (1977) l i s t e d  
t h e  fo l lo w in g  a d d i t i o n a l  major e le m e n ts ,  in  a d d i t io n  to
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t h e  e c to ty m p a n ic ,  as  producing  a tympanic p ro c e ss  o r  
o th e rw is e  c o n t r i b u t i n g  t o  th e  f l o o r  o f  th e  b u l l a :  1)
e n to ty m p an ic ,  2) p e t r o s a l ,  3) b a s i s p h e n o id ,  U) 
a l i s p h e n o id ,  5) b a s i o c c i p i t a l ,  6) e x o c c i p i t a l ,  7) 
sguam osal and 8) p t e r y g o i d .  W ithin  t h e  C a rn iv o ra ,  
however, o f  th e s e  p o s s i b i l i t i e s ,  only an en to tym pan ic  
c o n t r i b u t i o n  has been d e m o n s tra te d .  In  a l l  taxa  examined 
by Hunt (1974a) in  h i s  rev iew  o f  c a rn iv o ra n  b u l la e ,  he 
found a r o s t r a l  en to tym p an ic  a s s o c i a t e d  w ith  th e  i n t e r n a l  
c a r o t i d  a r t e r y ,  and a t  l e a s t  one s e p a r a t e ly  o s s i f y in g  
c a u d a l  en to ty m p an ic .
On t h e  b a s i s  o f th e  r e l a t i v e  c o n t r i b u t i o n  from 
e c to -a n d  en to tym p an ics  and th e  i n t e r n a l  s t r u c t u r e .  Hunt 
re c o g n iz e d  f i v e  ty p e s  o f b u l l a e  w ith in  th e  o r d e r .  Ihe  
ta x a  w ith  l a r g e l y  ec to ty m p an ic  b u l la e  were l i s t e d  above 
and exem plify  h i s  Type A b u l l a .  The rem ain ing  C arn ivo ra  
had l a r g e r  c o n t r i b u t i o n s  from one o r  more en to ty m p an ics .  
Hunt*s Type B b u l l a ,  which may be i n f l a t e d  o r  n o t ,  has a 
l a r g e r  c au d a l  e n to ty m p an ic .  T h is  ty p e  i s  seen  in  
P ro c y o n id ae ,  C an id ae , m u s te l in e ,  g u l in e ,  m e lin e ,  and 
t a x i d i i n e  M u s te l id a e ,  and P h o c id ae .  The v e n t r a l  and 
p o s t e r i o r  r e g io n s  e s p e c i a l l y  o f  th e  b u l l a  a r e  o f t e n  
su p p o r te d  by s t r u t s  and p a r t i a l  s e p ta  (from the c a u d a l  
e n to ty m p a n ic ) ,  a l th o u g h  in  th e  a r c t o i d s  t h e s e  a re  v a r i a b l e  
and n o t  c o n s id e re d  homologous a t  any l e v e l  w ith  e i t h e r  th e  
more c o n s t a n t ,  p a r t i a l  (en to tym panic) septum in  c a n id s  o r
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t h e  co m p le te ,  b i la m in a r  o r  ec to ty m p an ic  s e p t a  in  f e l o i d s .  
In v a s io n  o f  t h e  m asto id  by th e  tym panic  c a v i ty  f r e q u e n t ly  
accom panies t h i s  ty p e  o f  b u l l a .
The b u l l a r  s t r u c t u r e  o f t h e  A fr ican  palm c i v e t  
(Nandinia b in o ta t a )  c o n s t i t u t e s  H u n t 's  Type C—a 
s h i e l d l i k e  ec to ty m p a n ic  w ith  a c u r le d  m edial edge form ing 
a low septum , bu t d i s p la y in g  incom ple te  t o  nc  o s s i f i c a t i o n  
o f  th e  c au d a l  e n to ty m p an ic ,  so  t h a t  t h e  main p a r t  o f  th e  
b u l l a  rem ains c a r t i l a g i n o u s  th ro u g h o u t  l i f e .  Although 
Hunt (197Ua) s a id  t h a t  a septum i s  e n t i r e l y  l a c k in g ,  and 
C la rk  and Guensburg (1972) c o n s id e r  H ough 's (1953: 97) 
d e s c r i p t i o n  o f  t h i s  c u r le d  m edial edge t o  be e r ro n e o u s ,  I  
o b se rv e  a low i n tu r n i n g  of t h a t  ed ge , which might be th e  
rem nants o f  an e c to ty m p an ic  c o n t r i b u t i o n  to  a septum ; I  do 
e m p h a t ic a l ly  a g re e  t h a t  Hough was t o t a l l y  i n c o r r e c t  in  h e r  
a s s e r t i o n s  t h a t  t h e  up tu rn ed  margin o f  such a d e m i-b u lla  
touched th e  prom ontorium , however.
Although a c a r t i l a g i n o u s  b u l l a  h a s  been co n s id e red  by 
some a u th o r s  t o  be t h e  p r im i t iv e  c o n d i t io n  f o r  many 
e u th e r ia n  groups and to  have been p r e s e n t  i n  many now 
e x t i n c t  ta x a  ( e .g .  van d e r  Klaauw, 193 1 ) , i t  i s  f a r  more 
l i k e l y  t h a t  t h e  o r i g i n a l  tym panic c a p s u le  was f l o o r e d  by a 
f i b r o u s  membrane, l i k e  t h a t  a p p a r e n t ly  o c c u r r in g  in  a l l  
mammals d u r in g  on togeny  (MacPhee, 1981: 1U ).
C a r t i l a g in o u s  b u l l a  a r e  r a r e ,  and o ccu r i n  i s o l a t e d  tax a  
w i th in  o th e rw is e  w e ll  d e f in e d  g ro u p s ,  and a r e  t h e r e f o r e
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l i k e l y  t o  be a neo ten o u s  r e t e n t i o n  ( i . e .  autapomorphous) 
in  th o s e  t a x a .  (see  t h e  d i s c u s s io n  i n  Novacek. 1977: n o t
a l l  o f  h i s  s u p p o r t in g  argum ents a r e  v a l i d ,  b u t  many a re  
and I  t h e r e f o r e  a g re e  w ith  h i s  c o n c lu s io n s . )  The 
c o n d i t io n  in  N and in ia  i s  t h e r e f o r e  c o n s id e re d  h e re  a ve ry  
s p e c i a l i z e d  one ( in c lu d in g  p e rh ap s  secon dary  r e d u c t io n  o f  
a septum) r a t h e r  th an  n e c e s s a r i l y  a p r i m i t i v e  one . In  
N a n d in ia . a sm a ll  r o s t r a l  en to tym pan ic  i s  p r e s e n t ,  
a s s o c i a t e d  w ith  th e  i n t e r n a l  c a r o t i d  a r t e r y  and c lo s e  to  
t h e  i n t e r n a l  c a r o t id  foram en. As in  many v i v e r r i d s ,  th e  
p e t r o s a l  p ro t ru d e s  v e n t r a l l y  on th e  m edia l s i d e  o f  th e  
a u d i to r y  r e g io n  so t h a t  i t  i s  v i s i b l e  e x t e r n a l l y  between 
th e  en to ty m pan ic  and th e  b a s i o c c i p i t a l .
In  th e  F e l id a e ,  t h e  H e r p e s t id a e ,  and t h e  rem ain ing  
V iv e r r id a e  (Type D b u l l a ) ,  t h e r e  i s  a septum d iv id in g  th e  
b u l l a r  c a v i ty  n e a r ly  c o m p le te ly .  T h is  septum i s  
b i l a m in a r ,  d ev e lo p in g  from both  th e  e c to ty m p a n ic  and th e  
c a u d a l  en to ty m p an ic .  Hunt (1974a: 42) r e s t r i c t e d  th e  term  
"septum b u l l a e "  to  o n ly  a b i la m in a r  septum l i k e  t h a t  
d e s c r ib e d  by Wincza (1896: 330) f o r  t h e  d o m es tic  c a t ,  so 
t h a t  h i s  Type D b u l l a e  a re  th e  o n ly  d iv id e d  b u l la e  with a 
t r u e  septum b u l l a e  u nder  h i s  d e f i n i t i o n .  The 
a n t e r o l a t e r a l  chamber r e s u l t i n g  from t h i s  d i v i s io n  i s  th u s  
f l o o r e d  by bo th  ec to tym pan ic  and r o s t r a l  e n to ty m p a n ic ,  and 
t h e  p o s t e r i o r  chamber by c au d a l  e n to ty m p a n ic .  Although 
th e  b u l l a  i t s e l f  i s  r a t h e r  i n f l a t e d  in  th e s e  fo rm s, t h e r e
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i s  no in v a s io n  o f  th e  su r ro u n d in g  b a s i c r a n i a l  bones by th e  
tym panic  c a v i t y .
The f i n a l  ty p e  o f  c a rn iv o ra n  b u l l a  i s  a l s o  doub le  
cham bered. In  t h e  hyaenid  b u l l a ,  a f u l l  septum i s  again  
p r e s e n t ,  b u t  th e  n a tu r e  o f  t h a t  septum i s  l e s s  c l e a r .  I t  
i s  g e n e r a l ly  th o u g h t  to  be u n i la m in a r  and e c to ty m p a n ic ,  
based on Hunt (1974a) and t h e r e f o r e  v e ry  d i f f e r e n t  from 
th e  septum b u l l a e  p ro p er  o f  f e l i d s  and v i v e r r i d s  (bu t se e  
f u r t h e r  d i s c u s s io n  in  th e  c h a r a c t e r  a n a l y s i s ,  p .  38 8 ) .  In  
bo th  hyenas and t h e  a a rd w o lf ,  t h e  e c to ty m p a n ic  chamber i s  
g r e a t l y  i n f l a t e d ,  so much so in  hyenas t h a t  i n i t i a l  
d e s c r i p t i o n  o f  th e  hyena tym panic  r e g io n  c h a r a c t e r i z e d  i t  
a s  be ing  s i n g l e  chambered (F low er, 1 8 6 9 ) .  Pocock (1916b) 
s u b s e q u e n t ly  found t h e  " p o s t e r i o r "  cham ber, in  t h i s  case 
e n t i r e l y  d o r s a l  t o  t h e  h y p e r t ro p h ie d  ec to ty m p an ic  cham ber, 
and even p a r t i a l l y  expanded i n t o  th e  a d ja c e n t  m asto id  
bone.
In  c a r n iv o r a n s ,  th e  m edia l w a ll  o f  t h e  b u l la  
f r e q u e n t ly  r e f l e c t s  in  i t s  bpny s t r u c t u r e  t h e  pa th  c f  t h e  
i n t e r n a l  c a r o t i d  a r t e r y  in  some f a s h i o n .  Hunt (1974a) 
dem on s tra ted  a s e p a r a t e ,  r o s t r a l  en to tym pan ic  in  f e l i d s ,  
v i v e r r i d s ,  and c a n id s  among th e  C a rn iv o ra ,  and deduced i t s  
p re se n c e  by i d e n t i f i c a t i o n  of s u tu r e s  in  th e  b u l la e  of th e  
rem ain ing  f a m i l i e s .  He found in  a l l  c a s e s  t h a t  t h e  
i n t e r n a l  c a r o t id  a r t e r y  la y  a lo n g  th e  v e n t r a l  edge of th e  
r o s t r a l  e n to ty m p an ic ,  and when e n c lo se d  in  a c a r o t i d
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c a n a l ,  was so e n c lo sed  on ly  in  p ro x im ity  t o  th e  r o s t r a l  
e n to ty m p a n ic ,  which c o n t r ib u te d  to  th e  c a n a l .  In most 
c a r n iv o r a n s ,  a deep s u lc u s  o r  more o f t e n  a c o m p le te ly  
en c lo se d  c an a l  i s  p r e s e n t .  The major e x c e p t io n s  a r e  in  
th o s e  ta x a  in  which t h e  i n t e r n a l  c a r o t i d  a r t e r y  i s  g r e a t ly  
reduced  ( e .g .  f e l i d s )  and v a r i a b ly  w i th in  some o t h e r  
g roups ( e .g .  some v i v e r i d s ) .
A problem o f  homology (and nom encla tu re)  e x i s t s  fo r  
th e  foramen o r  fo ram ina by which v a r io u s  b lood v e s s e l s  
e n t e r  th e  s k u l l  a t  t h e  a n te ro m e d ia l  m argin o f  th e  b u l l a .
A "prom ontory foram en", l a t e r a l  to  and s e p a ra te d  from a 
"median l a c e r a t e ” or " c a r o t id  fo ram en " , has o f te n  been 
i d e n t i f i e d  f o r  th e  e n t r a n c e  o f th e  "prom ontory  a r t e r y ” 
i n t o  th e  c r a n i a l  c a v i ty  ( e .g .  Hunt, 1974a: 3 2 ) .  T h is  w i l l  
be d is c u s s e d  f u l l y  in  th e  c o n te x t  o f  more r e c e n t  e v id en ce  
about c a r o t id  a r t e r y  hom ologies in  th e  l a t e r  s e c t i o n  on 
c h a r a c t e r  a n a l y s i s  (p .  4 0 8 ) .  Some i n t r o d u c to r y  p o in t s  
need t o  be made in  t h i s  in t r o d u c t io n  t o  th e  anatomy of th e  
r e g io n ,  however, p r im a r i ly  to  e x p la in  my te rm in o lo g y .
F i r s t ,  n o te  t h a t  no l i v i n g  mammal has  e v e r  been 
d em o n s tra ted  by d i r e c t  o b s e r v a t io n  t o  have s im u lta n e o u s ly  
bo th  a promontory a r t e r y  and a m ed ia l c a r o t i d  a r t e r y ,  and 
t h e r e f o r e  t h e  s im u ltan eo us  p re sen c e  o f  b o th  fo ram ina  has 
n o t  been dem onstra ted  e i t h e r .  C e r t a in ly  a mere l a t e r a l  
foramen i s  to  be expec ted  in  t h a t  r e g io n ,  b u t  f o r  passage  
of t h e  p te ry g o id  nerve  tow ards  t h e  p te ry g o id  c a n a l  r a t h e r
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th a n  f o r  a n o th e r  b lood v e s s e l  e n te r in g  th e  b r a in c a s e .  I f  
in  f a c t  th e  prom ontory and m edial c a r o t i d  a r t e r i e s  a re  
homologous v e s s e l s  b u t  i n  d i f f e r e n t  p o s i t i o n s  i n  d i f f e r e n t  
t a x a  (P re s le y  1979), th en  on ly  one foramen f o r  th e  
i n t e r n a l  c a r o t i d  a r t e r y  w i l l  e v e r  be p r e s e n t .
The q u e s t io n  th en  rem ains o f  an a p p r o p r ia te  name f o r  
t h i s  fo ram en, s in c e  many have been a p p l i e d .  Perhaps th e  
most w ide ly  used i s  "median l a c e r a t e  fo ram en"; th e  
co rre sp o n d in g  a p e r tu r e  i n  th e  human s k u l l  i s  termed the 
foramen lacerum  (medium). However, so  much co n fus ion  
su r ro u n d s  th e  term "median l a c e r a t e  foram en" t h a t  I  have 
concluded t h a t  i t  i s  b e s t  t o  av o id  i t  a l t o g e t h e r .  Less 
ambiguous term s a re  a v a i l a b l e  f o r  a l l  th e  s t r u c t u r e s  t o  
which r e f e r e n c e  i s  n e c e s sa ry  in  th e  d i s c u s s io n  p re se n te d  
h e r e .  J u s t i f i c a t i o n  fo r  th e  te rm in o lo g y  chosen r e q u i r e s ,  
however, a b roade r  c o n s id e r a t io n  of th e  names o f  s e v e r a l  
a p e r t u r e s ,  and o f  some f e a t u r e s  in  th e  development c f  th e  
mammalian s k u l l .
T hree  " l a c e r a t e  fo ram ina” have been named on th e  
mammalian s k u l l ;  a l l  a r e  rem nants o f  f i s s u r e s  between 
dev e lo p in g  c r a n i a l  bo n es , p ro v id in g  p assag e  fo r  n e rv e s  o r  
blood v e s s e l s  o r  b o th .  The most a n t e r i o r ,  th e  " a n t e r i o r  
l a c e r a t e  fo ram en", i s  t h e  p e r s i s t e n t  opening in  t h e  s u tu r e  
between th e  o rb i to s p h e n o id  bone and th e  a l i s p h e n o id  bone. 
During development of th e  e u th e r ia n  chondrocran ium , t h i s  
foramen i s  bounded p o s t e r i o r l y  by th e  a l a  t e m p o r a l i s ,  and
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a n t e r i o r l y  by th e  o r b i t a l  c a r t i l a g e  and i t s  co n n ec tio n  to  
t h e  p o s t e r i o r  p a r t  o f  th e  t r a b e c u l a r  c a r t i l a g e ,  t h e  p i l a  
m e to p t ic a .  D o r s a l ly ,  t h e  o r b i t a l  c a r t i l a g e  crows 
p o s t e r i o r l y ,  co m p le tin g  th e  e n c lo s u r e  o f  th e  foramen with 
t h e  t a e n i a  m a r g in a l i s .  T h is  open ing  p ro v id e s  p a ssag e  f o r  
s e v e r a l  n e r v e s ,  an a r t e r y ,  and a ve in  between th e  a n t e r i o r  
p o r t io n  o f  th e  c r a n i a l  c a v i ty  and th e  o r b i t a l  f o s s a .  The 
a n t e r i o r  l a c e r a t e  foramen i s  now more commonly c a l l e d  th e  
s p h e n o r b i t a l  foram en, th e  o r b i t a l  f i s s u r e ,  o r  s i m i l a r  term  
(see  G lo ssa ry  e n t r y  under s p h e n o r b i t a l  fo ram en) .
P o s t e r i o r  to  th e  a l a  t e m p o r a l i s  " i s  th e  middle 
l a c e r a t e  foramen which l i e s  c lo s e  t o  th e  e n t r a n c e  o f  th e  
i n t e r n a l  c a r o t i d  a r t e r y  i n to  th e  c r a n i a l  c a v i ty "  (Moore,
19 81: 4 1 ) .  The f i s s u r e  between th e  a l a  te m p o ra l is  and th e  
o t i c  c a p s u le  i s  not t y p i c a l l y  c o n f lu e n t  w ith  th e  i n t e r n a l  
c a r o t i d  fo ram en, however. In  r e p t i l e s ,  monotremes, and 
m e ta th e r ia n s ,  th e  c a r o t id  fo ram ina in  th e  chcndrocranium  
a r e  e n c lo se d  w ith in  one o r  p a i re d  foram ina  bounded by th e  
t r a b e c u la e  a n t e r i o r l y ,  th e  p o la r  c a r t i l a g e s  l a t e r a l l y ,  and 
t h e  p a ra c h o rd a l s  (b a s a l  p la te )  p o s t e r i o r l y ,  w ell  m edial t o  
t h e  o t i c  c a p s u le s .  During o s s i f i c a t i o n  o f  t h e  c r a n i a l  
f l o o r ,  t h e  i n t e r n a l  c a r o t i d  fo ram ina  become com plete ly  
su rro und ed  by th e  b a s i s p h e n o id , r e s u l t i n g  in  th e  r a t h e r  
a n t e r i o r  and m edia l p o s i t i o n  of th e  foram ina 
c h a r a c t e r i s t i c  o f  r e p t i l e s  and n o n e u th e r ia n  mammals.
In  e u t h e r i a n s ,  t h e  p o la r  c a r t i l a g e s  app ea r  t o  have
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moved m ed ia lly  t c  th e  e n t r a n c e  o f  th e  i n t e r n a l  c a r o t id  
a r t e r y ,  b u t  th e  foramen on each s i d e  f o r  t h e  i n t e r n a l  
c a r o t i d  a r t e r y  i s  s t i l l  bounded l a t e r a l l y  i n  th e  
chondrocran ium , now by a s t r u c t u r e  new to  e u t h e r i a n s ,  t h e  
a l i c o c h l e a r  com m issure. The l a t t e r  c o n n e c ts  t h e  a n t e r i o r  
m argin o f  th e  o t i c  c a p s u le  w ith  th e  a l a  t e m p o r a l i s ,  
s e p a r a t in g  th e  i n t e r n a l  c a r o t i d  foramen m e d ia l ly  from th e  
gap between th e  a l a  t e m p o r a l i s  and o t i c  c a p s u le s  
l a t e r a l l y .  A f te r  o s s i f i c a t i o n  o f  th e  c r a n i a l  f l o o r ,  th e  
i n t e r n a l  c a r o t i d  foram ina a r e  u s u a l ly  more p o s t e r i o r l y  
p la c e d  r e l a t i v e  to  t h e  a u d i to r y  r e g io n ,  and f r e q u e n t ly  
h idden  by more s u p e r f i c i a l  s t r u c t u r e s  in  t h a t  r e g io n .  The 
b a s isp h e n o id  now p a r t l y  m a rg in a te s  th e  i n t e r n a l  c a r o t id  
fo ram en , r a t h e r  than co m p le te ly  e n c lo s in g  i t .
’'P i r i f o r m  f e n e s t r a ” has  been a p p l ie d  t o  a p e r s i s t e n t  
gap between th e  a l i s p h e n o id  and th e  p e t r o s a l  (McDowell, 
1958; 1 2 8 ) .  I t s  meaning was su b se q u e n t ly  broadened by 
MacPhee (1981: 59) t o  th e  " l a r g e  gap, seen  in  a l l  f e t a l  
and a few a d u l t  mammals, t h a t  l i e s  between th e  auditory- 
c a p s u le  and i t s  d o r s a l  o u tg ro w th s  (tegmen tym pan i, 
e p ity m p an ic  wing of p e t r o s a l )  on th e  one hand and th e  
ep ity m p an ic  wings of th e  sp h eno id  and squamosal on th e  
o t h e r . ” The p i r i f o r m  f e n e s t r a  i s  bounded m e d ia l ly ,  and 
s e p a ra te d  from t h e  i n t e r n a l  c a r o t i d  fo ram en , by th e  
a l i c o c h l e a r  comm issure; i t  t r a n s m i t s  t h e  g r e a t e r  and deep 
p e t r o s a l  n e rv e s  tow ards t h e  p te ry g o id  c a n a l .
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The co n fu s io n  abo u t t h e  meaning o f  th e  term "median 
l a c e r a t e  foramen" becomes a p p a re n t  when one c o n s id e r s ,  in  
th e  l i g h t  o f  th e  above r e l a t i o n s h i p s  and te rm s ,  t h e  
fo l lo w in g  meanings which have been g iven  t o  t h i s  one te rm :
1) in  humans, th e  a p e r tu r e  th rough  which the  i n t e r n a l  
c a r o t id  a r t e r y  e n t e r s  th e  s k u l l  ( e . g . ,  Cunningham 
and Romanes, 1972: 117) ,
2) a c a r t i l a g e - f i l l e d  foramen t h a t  t r a n s m i t s  o n ly  sm a ll  
s t r u c t u r e s  in  Homo— th e  p te ry g o id  n e rv e  and sm all  
a c c e sso ry  m eningeal b ranch  c f  t h e  ascending  
ph aryngeal a r t e r y  ( C a r t m i l l ,  1975: 317-318),
3) in  forms w ith  more com ple te  o s s i f i c a t i o n s ,  t h e  
foramen f o r  t h i s  l a t t e r  a r t e r y  on ly  ( C a r tm i l l ,  1975: 
318).
4) th e  l a t e r a l  p o r t io n  o f  t h e  p e tro tym p an ic  f i s s u r e ,  
c u t  o f f  from t h e  i n t e r n a l  c a r o t id  foram en, i . e .  t h e  
p i r i f o r m  f e n e s t r a  ( e .g .  Pocock, 1916a: 268 and Van
de r  Klaauw, 1931: 1 14 ) ,  and
5) very  d i f f e r e n t  fo ram ina  a l t o g e t h e r  ( e . g . ,  a foramen 
t r a n s m i t t i n g  t h e  i n f e r i o r  ramus o f  th e  s t a p e d i a l  
a r t e r y ,  Greene, 1935: 16; se e  b e lo w ).
Two examples w i l l  com plete  th e  p i c t u r e .  F i r s t ,  van 
d e r  Klaauw (1931: 113ff) used m ed ia l and a n t e r i o r  l a c e r a t e  
foramen in te r c h a n g e a b ly ,  a s  i f  th ey  were synonymous. 
F u r t h e r ,  J o l l i e  (1962) l a b e le d  a gap a t  th e  an te rom ed ia l  
c o rn e r  o f  th e  p e t r o s a l  as  the  " a n t e r i o r  l a c e r a t e
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f e n e s t r a ” ,  a s  d id  Flower (1869). The second example i s  
s l i g h t l y  more c o m p l ic a te d .  Greene (1935: 16) i d e n t i f i e d  a 
foramen e n t i r e l y  e n c lo se d  w ith in  th e  sp h en o id  a s  a "middle 
l a c e r a t e d  foramen f o r  p te r y g o p a la t in e  b ranch  of i n t e r n a l  
c a r o t i d  a r t e r y . "  fls she s u g g e s te d ,  t h e  p te r y g o p a la t in e  
branch  a p p e a rs  t o  co rrespond  to  th e  s t a p e d i a l  a r t e r y  of 
o th e r  a u th o r s .  The e x i t  o f  t h i s  v e s s e l  from th e  a n t e r i o r  
margin o f  th e  tym panic r e g io n  (th rough  th e  G la se r ia n  
f i s s u r e ,  o r in  t h i s  c a s e ,  a t r u e  p e tro ty m p a n ic  f i s s u r e )  
i s ,  in  G re e n e 's  i l l u s t r a t i o n s  ( e .g .  F ig u re  210, p .  248), 
im m ed ia te ly  a d ja c e n t  to  th e  pa th  of t h e  chorda  tympani; 
t h e  v e s s e l  th u s  c o rre sp o n d s  to  t h e  i n f e r i o r  ramus o f  th e  
s t a p e d i a l  a r t e r y  o f  o th e r  a u th o rs  ( e .g .  Bugge, 197 4 ) .  In  
most mammals, th e  i n f e r i o r  ramus, i f  p r e s e n t ,  j o in s  the  
i n t e r n a l  m a x i l la ry  a r t e r y  a n t e r i o r  to  th e  a u d i to r y  reg ion  
and p a s s e s  th ro ugh  t h e  a l i s p h e n o id  c a n a l .  I n  F ig u re  209 
(Greene, 1935: 2 4 8 ) ,  th e  main t ru n k  of t h i s  
p t e r y g o p a la t in e  a r t e r y  does in deed  go n e x t  th rou gh  th e  
a l i s p h e n o id  c a n a l .
G re e n e 's  F ig u re  209 shows th e  v e s s e l  e n te r in g  the  
"m idd le  l a c e r a t e d  foram en" to  be a m ed ia l branch  from th e  
main t r u n k  o f  th e  s t a p e d i a l ,  o r  a t  l e a s t  from th e  i n f e r i o r  
ramus; t h i s  b ranch  i s  la b e le d  th e  " p te ry g o id  p o r t io n  of 
p t e r y g o p a la t i n e " ,  " a r t e r y  o f  th e  p te ry g o id  c a n a l” , o r  
"V id ian  a r t e r y " .  I f  th e  i d e n t i f i c a t i o n s  o f  th e  v e s s e l s  
a r e  c o r r e c t ,  th en  th e  foramen in  q u e s t io n  i s  t h e  p o s t e r i o r
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 152
opening  o f  th e  p te ry g o id  c a n a l ,  a chan ne l between th e  
p te ry g o id  and b a s isp h e n o id  bo n es , and n o t  a middle 
l a c e r a t e  foram en. However, my exam ina tion  o f  a c le a re d  
and a l i z a r i n - r e d  s t a in e d  s k u l l  o f  a 22-day  f e t a l  r a t  
(Rat t u s n o rv eg ic u s )  i n  t h e  U n iv e rs i ty  o f  C o n n e c t ic u t  
t e a c h in g  c o l l e c t i o n  su p p o r ted  th e  c o n c lu s io n  I  drew from 
an a d u l t  s k u l l ,  t h a t  t h e  foramen i s  n o t  bounded by 
p te r y g o id ,  bu t i n s t e a d  by e i t h e r  b a s isp h e n o id  a lo n e  or 
b a s isp h e n o id  m e d ia l ly  and a l i s p h e n o id  l a t e r a l l y .
U n f o r tu n a te ly ,  i t  i s  n e t  p o s s ib le  t o  d e te rm in e  the  
answer t o  t h i s  problem from B ugge 's  (197tt) rev iew — f u r t h e r  
d i s s e c t i o n s  o f  t h e  i n t r a c r a n i a l  c o u rse  o f  th e s e  v e s s e l s  
would be r e q u i r e d —b u t  I  s u g g e s t  t h a t  p e rh a p s  G re e n e 's  
"m iddle  l a c e r a t e  foram en” i s  a c t u a l l y  a q u i t e  m ed ia l ly  
p laced  foramen o v a le ,  and t h a t  th e  a r t e r y  she  observed  
e n te r in g  t h i s  foramen i s  an a n as to m o sis  from th e  ramus 
i n f e r i o r  p lu s  th e  e x t e r n a l  c a r o t id  to  th e  m iddle  m eningeal 
a r t e r y .
R e g a rd le s s  o f t h e  accu racy  o f  my h y p o th e s i s ,  th e  
l a b e l l i n g  o f  t h i s  foramen as a middle l a c e r a t e  foramen i s  
a good example o f  th e  r a t h e r  a r b i t r a r y  and i n c o n s i s t e n t  
f a s h io n  i n  which t h i s  term  has been used  i n  the  p a s t .  In  
t h i s  c a s e ,  th e  p re sen c e  more p o s t e r i o r l y  o f an i n t e r n a l  
c a r o t id  foramen i s  c l e a r l y  i n d ic a t e d :  th e  end of a
b r i s t l e  i n s e r t e d  i n t o  t h e  c a r o t id  c a n a l  a p p ea rs  
i n t r a c r a n i a l l y  a t  th e  a n te ro m e d ia l  apex o f  th e  p e t r o s a l .
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nex t t o  th e  s e l l a  t u r c i c a ,  which i s  e x a c t l y  th e  p o s i t io n  
o f  th e  i n t e r n a l  c a r o t i d  foramen in  th e  v a s t  m a jo r i ty  i f  
n o t  a l l  e u t h e r i a n s .  In  v e n t r a l  view , th e  i n t e r n a l  c a r o t id  
foramen in  R a t tu s  i s  th u s  h idden from view by th e  
a n te ro m e d ia l  c o rn e r  o f  th e  o sseo u s  a u d i to r y  b u l la .
F i n a l l y ,  one may n o te  t h a t  R a t tu s  d i s p l a y s  a l a r g e  open 
f i s s u r e  between th e  a n t e r i o r  and l a t e r a l  m arg ins o f  the  
p e t ro s a l / ty m p a n ic  complex and t h e  a d ja c e n t  a l i s p h e n o id  and 
sguamosal bones; a t  l e a s t  th e  a n t e r i o r  arm o f  t h i s  
f i s s u r e ,  which i s  what one might have e x p ec ted  to  be 
l a b e l l e d  a median l a c e r a t e  foram en, can  s u r e ly  be 
a p p r o p r i a t e ly  termed a p e r s i s t e n t  p i r i f o r m  f e n e s t r a .
In  summary, t h e  c o n t r a d ic to r y  u s e s  o f  th e  term 
"median l a c e r a t e  foram en” have ren d e red  i t  l a r g e ly  
u s e l e s s ,  e s p e c i a l l y  in  l i g h t  of th e  more c o n s i s t e n t  
meanings a t t r i b u t e d  t o  " p i r i f o r m  f e n e s t r a " .  I  a g re e  w ith 
MacPhee (1981: 41) t h a t  a d i s t i n c t i o n  between a 
"prom ontory foram en" and "m edia l c a r o t id  foram en” i s  
i n a c c u r a t e ,  and with C a r tm i l l  (1975: 317) t h a t  " a n t e r i o r  
c a r o t i d  foramen” i s  m is le a d in g  because  o f  t h e  use o f  
" a n t e r i o r  c a r o t i d  a r t e r y ” by some a u th o r s  f o r  th e  
an as to m o sis  between t h e  a scen d in g  p h a ryng ea l  and t h e  
i n t e r n a l  c a r o t i d  a r t e r i e s .  I n  l i g h t  o f  t h e  lack  o f  a 
c l e a r  consen sus  on a. p r e f e r r e d  term  h e re  a s  w e l l ,  I  w i l l  
u se  " i n t e r n a l  c a r o t id  foramen" a s  d e f in e d  i n  th e  g l o s s a r y ,  
fo l lo w in g  M i l le r  e t  a l .  (1964). This term  h as  th e  b e n e f i t
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of  c lo s e  co rrespon dence  w ith  a l a r g e l y  u n d isp u ted  a r t e r i a l  
name; th e  m o d if ie r  • ' i n t e r n a l ” may a l s o  be a c c u r a t e l y  taken  
a s  r e f e r e n c e  t o  t h i s  b e ing  th e  p assage  th ro u g h  th e  f l o o r  
o f  th e  c r a n i a l  c a v i ty  p r o p e r ,  no m a t te r  what fo ram ina have 
been formed by th e  ends  of bony c a n a ls  th ro u g h  more 
s u p e r f i c i a l  b a s i c r a n i a l  e lem en ts  ( e .g .  th e  c a r o t i d  can a l  
th rou gh  th e  en to tym pan ic  in  c a r n i v o r a n s ) •
C a r tm i l l  (1975: 317) c i t e d  a need f o r  names f o r  bo th  
ends  o f  th e  c a r o t i d  c a n a l .  ’'P o s t e r i o r  c a r o t i d  foramen*' 
f o r  t h e  p o s t e r i o r  end i s  a l r e a d y  w ell embedded in  t h e  
l i t e r a t u r e ,  and i s  so  used h e r e .  ’'A n te r io r  c a r o t id  
foram en" would be a l o g i c a l  c h o ic e  f o r  t h e  a n t e r i o r  end o f  
t h e  same can a l  (and h as  been so used by H un t, 1 9 7 4 a ) ,  bu t 
h as  t h e  drawback o f  hav ing  been used i n  a v a r i e t y  o f  o th e r  
ways p r e v io u s ly ,  and s t i l l  having  some im p l i c a t io n  of 
r e f e r e n c e  s p e c i f i c a l l y  to  th e  a n t e r i o r  c a r o t i d  a r t e r y  of 
Saban (1963: e . g .  176; d i s c u s s e d  f u r t h e r  in  C a r tm i l l ,
1 9 7 5 ) .  I  have n o t  found a need in  my d e s c r i p t i o n s  fo r  a 
term  f o r  th e  a n t e r i o r  opening o f  t h i s  c a n a l ,  and have 
t h e r e f o r e  no t s e t t l e d  on one h e r e .
Problems a l s o  e x i s t  w ith  t h e  nom enc la tu re  fo r  th e  
t h i r d  such p e r s i s t e n t  foram en, i n  th e  gap between th e  
o c c i p i t a l  a rc h  and th e  a u d i to r y  c a p s u le ,  c o n s t i t u t i n g  th e  
p o s t e r i o r  l a c e r a t e  fo ram en . T h is  term h as  been w idely  
r e p la c e d  by " ju g u la r  foram en"—a c o u n te r -p ro d u c t iv e  move 
because  o f  th e  im p l i c a t io n s  o f  th e  l a t t e r  name. In  most
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e u t h e r i a n s ,  t h e  sigm oid venous s i n u s ,  th e  i n f e r i o r  
p e t r o s a l  venous s i n u s ,  and th e  n i n th ,  t e n t h ,  and e le v e n th  
n e rv e s  a l l  s h a re  th e  same e g re s s  from th e  s k u l l ,  th rough  a 
gap t h a t  i s  a remnant o f  th e  m e to t ic  f i s s u r e .  U su a lly ,  
t h e  two venous s in u s e s  j o in  i n  th e  v i c i n i t y  of th e  foramen 
to  form a v e s s e l  g e n e r a l ly  termed th e  i n t e r n a l  ju g u la r  
v e in  (a l th oug h  some a u th o r s  c a l l  th e  c o n f lu e n ce  t h e r e  th e  
i n f e r i o r  c e r e b r a l  v e in  and i d e n t i f y  t h e  ju g u la r  f u r t h e r  
down th e  neck a f t e r  t h e  e n tra n c e  of th e  l i n g u a l  v e i n ,  th e  
o c c i p i t a l  v e i n ,  and s e v e r a l  v e in s  from th e  pharyn gea l  
a r e a ) .  I n  some t a x a ,  however, n o t  o n ly  do th e s e  s in u s e s  
j o in  w e ll  o u t s id e  t h i s  foramen (n e t  an u su a l  c o n d i t io n ,  
a p p a r e n t l y ) , b u t  a bony p a r t i t i o n  i s  p r e s e n t  between th e  
a p e r t u r e s  from which th e  two s in u s e s  e x i t .  Since th e  
n e rv e s  a r e  e v id e n t  e a r l i e r  in  ontogeny th an  are  th e  blood 
v e s s e l s ,  I  c o n s id e r  th e  name of th e  foramen to  go w ith  th e  
a p e r tu r e  f o r  t h e  n e r v e s ,  and p ropose  t h a t  a s e p a ra te  e x i t  
f o r  any venous s in u s  be named a f t e r  t h a t  s in u s  o r  p a s sa g e .  
In  th e  C a rn iv o ra ,  th e  p e t r o b a s i l a r  c a n a l  sometimes has a 
s e p a r a t e  a p e r t u r e —hence  th e  p e t r o b a s i l a r  foramen (see  
G lo s s a ry ) .  T h is  m orpho log ica l v a r i a t i o n  re n d e r s  t h e  name 
" ju g u la r  foram en” p o t e n t i a l l y  m is le a d in g ;  th e  o r i g i n a l  
te rm , " p o s t e r i o r  l a c e r a t e  fcram en" i s  t h e r e f o r e  p r e f e r a b l e  
f o r  th e  rem nant o f  t h e  m e to t ic  f i s s u r e .
Those e lem en ts  b o rd e r in g  t h e  a u d i to ry  reg ion  
a n t e r i o r l y  have been m entioned, bu t may be summarized now.
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The " sp h e n o id ” i s  th e  t h i r d  m ajor fu s io n  bone (S ta rc k ,  
1967) in  th e  p r im a te  s k u l l .  In  many o th e r  t a x a ,  s e p a r a t e  
e le m e n ts  can be r e c o g n iz e d ,  o f  which th e  b a s isp h e n o id  (a 
median e lem en t)  and t h e  a l i s p h e n c id  (p a i re d )  concern  us 
h e r e ,  fls d e sc r ib e d  above , t h e  endochondra l bas isph eno id  
s t i l l  forms p a r t  o f  t h e  margin o f  th e  i n t e r n a l  c a r o t id  
foramen in  e u t h e r i a n s .  I t  w i l l  a l s o  commonly have 
c h a n n e ls  on i t s  v e n t r a l  s u r f a c e  f o r  t h e  t u b a l  c a r t i l a g e  
and th e  p te ry g o id  nerve  ( lea d in g  to  t h e  p te ry g o id  c a n a l ) .
The a l i s p h e n o id  i s  a membrane bone (sensu  P a t t e r s o n ,  
1977a) t h a t  p ro v id es  passage  f o r  s e v e r a l  n e rv e s  and blood 
v e s s e l s ,  th u s  c o n ta in in g  w i th in  i t  th e  foramen o v a le ,  
foramen rotundum, and th e  a l i s p h e n o id  can a l  i f  p r e s e n t .  
E i th e r  t h e  a l i s p h e n o id  o r  th e  a d ja c e n t  p o r t io n  of th e  
squam osal may be grooved o r  channeled  f o r , t h e  chorda  
tym pani n e rve  and accompanying b lood v e s s e l s  le a v in g  th e  
tym panic c a v i ty  v ia  t h e  G la s e r ia n  f i s s u r e .  Eoth o r  e i t h e r  
th e  a l i s p h e n o id  and b a s isp h e n o id  may develop  ep itym pan ic  
wings p o s t e r i o r l y ;  because  th e  l a t e r a l  e x t a n t  o f  t h e  
b a s isp h e n o id  i s  d i f f i c u l t  t o  d e te rm in e  in  most a d u l t  
c a r n iv o r a n s ,  I  have n o t  a t te m p te d  t o  d i s t i n g u i s h  between 
t h e  two, b u t  have r e f e r r e d  s im ply  to  " th e  ep ity m p an ic  wing 
of t h e  sph eno id "  in  most c a s e s .
T h is  to p o g ra p h ic  rev iew  o f  th e  e a r  r e g io n ,  a l th o u g h  a 
n e c e s sa ry  b e g in n in g ,  has f a i l e d  to  g iv e  a ve ry  good 
f u n c t i o n a l  o r developm ental i n t r o d u c t i o n  t o  th e  r e g io n .
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T h e r e f o r e ,  l e t  us c o n s id e r  b r i e f l y  th e  g e n e ra l  p lan  of th e  
a u d i to r y  r e g io n  in  f u n c t i o n a l  u n i t s ,  i n c lu d in g  th e  
c o n te n t s  o f  bo th  th e  m iddle and in n e r  e a r s .  Although o n ly  
l im i te d  d e d u c t io n s  a b o u t  th e  s o f t  anatomy can  be made f o r  
f o s s i l  t a x a ,  some u n d e rs ta n d in g  o f  th e  s o f t  anatomy of th e  
e x ta n t  r e l a t i v e s  h e lp s  th e  p a l e o n to l o g i s t  s t a y  o r i e n te d  
and p e rh ap s  d i s t i n g u i s h  more a c c u r a t e l y  between r e a s o n a b le  
and u n re a so n a b le  d e d u c t io n s  abou t even th e  bcny s t r u c t u r e ,  
much l e s s  in f e r e n c e s  abou t c i r c u l a t i o n  o r  o th e r  s o f t  
anatom y.
The e u th e r i a n  e a r  may be d iv id e d  i n t o  t h r e e  
f u n c t i o n a l  com ponents. F i r s t ,  t h e  e x t e r n a l  ea r  i s  
p r im a r i ly  a so u n d -g a th e r in g  d e v ic e ,  and com prises t h e  
a u r i c l e  o r  p inna  ( th e  v i s i b l e  p a r t  of th e  e a r )  and the  
c a r t i l a g i n o u s  and bony e x t e r n a l  a u d i to r y  m eatal t u b e ,  
l e a d in g  i n t o  t h e  m iddle  e a r .  The second segment i s  t h a t  
m iddle  e a r ,  bounded l a t e r a l l y  and e x t e r n a l l y  by th e  
tym panic  membrane s t r e t c h e d  i n s i d e  th e  o sseo u s  e x te r n a l  
a u d i to r y  m ea tus , bounded d o r s a l l y ,  m e d ia l ly  and v e n t r a l l y  
by th e  tym panic  ro o f  and b u l l a ,  and bounded i n t e r n a l l y  by 
t h e  f o o t p l a t e  o f  th e  s t a p e s  a c r o s s  th e  f e n e s t r a  v e s t i b u l i .
C on ta ined  w ith in  t h i s  m iddle e a r  i s  th e  tym panic 
c a v i t y ,  an a i r - f i l l e d  sp ace  (even in  a q u a t i c  mammals; 
F l e i s c h e r ,  1978: 7) su r ro u n d in g  th e  c h a in  o f  th r e e  
a u d i to r y  o s s i c l e s  and t h e i r  a s s o c i a t e d  l ig a m e n ts  and two 
m u sc le s .  An a p e r tu r e  a t  t h e  a n te r o d o r s a l  c o rn e r  o f  the
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tym panic  c a v i ty  i s  t h e  opening o f  t h e  a u d i to r y  t u b e ,  which 
c o n n e c ts  t h i s  c a v i ty  w ith  th e  pha ryn x . V arious 
s u b d iv i s io n s  o f  th e  tym panic c a v i ty  a r e  f r e q u e n t ly  
r e c o g n iz e d ,  e s p e c i a l l y  d i s t i n c t i o n s  among t h e  sp a c e s  
c o n ta in e d  w i th in  th e  ep itym pan ic  r e c e s s  d o r s a l l y ,  t h e  
tym panic c a v i ty  p ro p e r  ( th e  r e s t  o f  t h e  space  im m edia te ly  
su r ro u n d in g  th e  e a r  o s s i c l e s ) ,  and th e  hypotympanic s i n u s ,  
o r  v e n t r a l  o r fu n d ic  p o r t io n  of t h e  c a v i t y .
D is t in g u is h in g  among th e s e  s u b d iv i s io n s  i s  d i f f i c u l t ,  and 
was n o t  found to  be p a r t i c u l a r l y  u s e f u l .  I t  was n o ted  in  
t h e  d e s c r i p t i o n s ,  however, when th e  b u l l a  was p a r t i c u l a r l y  
i n f l a t e d  o r  when the  tympanic c a v i ty  was e n la rg e d  by an 
e x c a v a t io n  or fo rm atio n  of s in u s e s  in  th e  c r a n i a l  bones 
su r ro u n d in g  th e  a u d i to r y  r e g io n .
The m iddle e a r  f u n c t io n s  t o  conduct t h e  v i b r a t io n s  
from th e  r e l a t i v e l y  l a r g e  a re a  o f  t h e  tym panic membrane 
v i a  t h e  m a l le u s ,  i n c u s ,  and s t a p e s ,  t o  th e  much s m a l le r  
a re a  o f  th e  f o o t p l a t e  o f  t h e  s t a p e s  i n  t h e  f e n e s t r a  
v e s t i b u l i ,  th u s  in c r e a s in g  many f o l d  th e  am p li tu d e  of t h e  
sound waves (22 t im es  in  th e  d o m es tic  c a t ,  a c c o rd in g  to  
Crouch, 1969: 32 5). Many a s p e c t s  o f  m iddle  e a r  f u n c t io n  
have been w ell  summarized by F l e i s c h e r  in  h i s  1978 
monograph. He p o in te d  o u t ,  f o r  exam ple , t h a t  th e  i n c r e a s e  
in  p r e s s u r e  a t  th e  s t a p e d i a l  end of t h e  ch a in  i s  a l s o  due 
i n  sm a ll  p a r t  to  le v e ra g e  r e s u l t i n g  from th e  r e l a t i v e  
l e n g th s  and a n g le s  o f  th e  v a r io u s  arms and p ro c e s s e s  of
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t h e  t h r e e  o s s i c l e s .  The r e l a t i v e  s i z e  o f  th e  p a rs  
f l a c c i d a  o f  t h e  tym panic membrane a f f e c t s  t h e  e f f e c t i v e  
volume o f  th e  c o n ta in e d  a i r  sp ace  i n  t h e  tympanic c a v i t y .  
Both m iddle e a r  m uscles a f f o r d  some c o n t r o l  of th e  
v i b r a t i o n  o f  th e  o s s i c u l a r  c h a in ,  p e rh ap s  dampening the  
re sp o n se  o f  t h e  ch a in  to  c o n t in u e d  loud n o i s e .
As F l e i s c h e r  (1978: 9) n o t e d ,  th e  b a s i c  
membrane-bounded e a r  c a v i ty  i s  s u b je c t  in  low frequ ency  
r e c e p t io n  t o  d i s tu r b a n c e s  in  s e n s i t i v i t y  a s  a r e s u l t  o f 
d e fo rm a tio n  o f  t h e  tym panic  c a v i t y  caused  by m otions 
w i th in  t h e  head, such a s  sw a llo w in g . The m echan ica l 
s o l u t i o n  to  t h i s  i s  t h e  development o f  a bony w a l l - - t h e  
o sseo u s  a u d i to ry  b u l l a .  A nother d i f f i c u l t y  was posed by 
t h e  i n c r e a s e  i n  s i z e  w ith in  th e  Mammalia and th e  in c r e a s e  
in  n e u ra l  c o m p lex ity :  a main b locd  supp ly  to  th e s e
r e g io n s  was th roug h  t h e  s t a p e d i a l  a r t e r y ,  which passed  
th ro u g h  th e  foramen in  th e  s t a p e s .  S in ce  m iddle  e a r  
s t r u c t u r e s  do n o t i n c r e a s e  in  s i z e  p r o p o r t io n a l ly  t o  th e
i
w eight o f  th e  an im al ,  b lood su p p ly  to  th e s e  r e g io n s  had to  
be r e r o u t e d .  In  any c a s e ,  one cannot h e lp  bu t th in k  t h a t  
a d e c re a se  in  a u d i to ry  a c u i ty  must have been caused  by a 
m ajor a r t e r y  ro a r in g  and p u ls in g  th rough  th e  s t a p e s .
Once to  th e  f o o t p l a t e  of t h e  s t a p e s ,  t h e  v i b r a t io n s  
have p assed  th rough  th e  m iddle  e a r  and a r e  e n te r in g  the  
t h i r d  segm ent, t h e  in n e r  e a r .  In  mammals, t h i s  s t r u c t u r e  
com prises  o rgans  s e n s in g  sound (the  c o c h le a r  p o r t i o n ) ,
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movement ( the  s e m ic i r c u l a r  c a n a l s ) , and d i r e c t i o n  o f  
g r a v i t y  o r  o th e r  a c c e l e r a t i o n  ( th e  u t r i c u l u s  and 
s a c c u l u s ) . These o rg an s  c o n s t i t u t e  a membranous, 
f l u i d - f i l l e d  (endolymph) l a b y r i n t h ,  f l o a t i n g  in  f l u i d  
(perilym ph) w i th in  a bony l a b y r i n th  i n s i d e  th e  p e t o s a l .
The hom ologies o f  th e  s t r u c t u r e s  in  th e  m iddle and 
in n e r  e a r  a r e  i n d ic a t e d  f a i r l y  c l e a r l y  by t h e i r  
em bryology. Although n o t  e v id e n t  by t h e i r  c lo s e  
s t r u c t u r a l  r e l a t i o n s h i p  in  th e  a d u l t ,  th e  m iddle  and in n e r  
e a r s  develop  from v e ry  d i f f e r e n t  so u rc e s  (Gardner e t  a l . ,  
1960: 687; Cunningham and Romanes, 1972: 8 3 1 ) .  An 
e c to d e rm a l th i c k e n in g ,  t h e  a u d i to r y  p la c o d e ,  i n v a g i n a t e s ,  
s e p a r a t e s  from th e  s u r f a c e ,  and s in k s  i n t o  th e  mesoderm to  
form th e  o t i c  v e s i c l e  b e s id e  th e  h in d b ra in  a t  th e  l e v e l  o f  
t h e  se v en th  and e ig h th  c r a n i a l  n e rv e s .  A d o r s a l  
d iv e r t ic u lu m  becomes th e  endo lym phatic  d u c t ,  o r  v e s t i b u l a r  
a q u e d u c t ,  le a d in g  to  th e  endo lym phatic  s a c  i n s e r t e d  
between meninges o f  t h e  b r a i n .  From th e  p o s te r o d o r s a l  
p o r t io n  o f  th e  v e s i c l e ,  t h r e e  d i s k - l i k e  e v a g in a t io n s  
a p p e a r ,  t h e i r  c e n te r s  c o a l e s c e ,  and th e  s e m ic i r c u l a r  
c a n a l s  rem ain . The v e n t r a l  p a r t  o f  t h e  v e s i c l e  se n d s  o u t  
an e x te n s io n  which, a s  i t  l e n g th e n s ,  c o i l s  t o  form th e  
c o c h le a .  As v a r io u s  c o n s t r i c t i o n s  and e lo n g a t io n s  
c o n t in u e  t o  form th e  d e t a i l s  o f th e  l a b y r i n t h ,  th e  
e c to d e rm a l  e p i th e l iu m  d i f f e r e n t i a t e s  i n to  t h e  v a r io u s  
se n so ry  s t r u c t u r e s  o f  th e  d i f f e r e n t  r e g i o n s .
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As t h e  d i f f e r e n t i a t i o n  o f  t h e  e c to d e rm a l membranous 
l a b y r i n th  t a k e s  p l a c e ,  t h e  mesodermal c o n n e c t iv e  t i s s u e  in  
which th e  o t i c  v e s i c l e  i s  embedded i s  a l s o  
d i f f e r e n t i a t i n g .  The l o o s e ,  r e t i c u l a r  l a y e r  o f t i s s u e  
im m ed ia te ly  around t h e  l a b y r i n t h  i s  g r a d u a l ly  a b so rb ed , 
l e a v in g  a sp ace  t h a t  i s  f i l l e d  w ith  p e r i ly m p h .  An c u te r  
zone o f  c a r t i l a g e ,  t h e  o t i c  c a p s u le ,  i s  e roded  and 
rem odeled a s  th e  membranous l a b y r i n th  d e v e lo p s ,  so  t h a t  
t h e  shape o f  th e  ec to d e rm a l  l a b y r in th  i s  r e f l e c t e d  in  th e  
s t r u c t u r e  f i r s t  o f  t h e  o t i c  c a p su le  and th e n  o f  t h e  
o s s i f i e d  p e t r o s a l .
While t h i s  e l a b o r a t i o n  of t h e  o t i c  v e s i c l e  i s  
o c c u r r in g ,  d o r s a l  wings from th e  f i r s t  and second 
p h a ry n g ea l  pouches c o a le s c e  and form an e v a g i n a t i o n —th e  
tubo tym pan ic  r e c e s s .  T h is  pouch grows o u t  t o  l i e  a g a i n s t  
t h e  v e n t r o l a t e r a l  w a ll  o f  th e  condensed mesenchyme around 
t h e  o t i c  v e s i c l e ,  c a r r y in g  with i t  c a r t i l a g e s  o f  t h e  f i r s t  
and second p ha ryngeal a rc h e s  (shown i n  F ig u re  26) • The 
o s s i f y i n g  o t i c  c a p s u le  dev e lo p s  an ep ity m p an ic  wing t h a t  
grows forward and l a t e r a l l y  o v e r  th e  tubotym panic  
r e c e s s —th e  tegmen ty m p a n i .
Between th e  tubo tym pan ic  r e c e s s  and th e  tegmen 
tym pan i, t h e  d o r s a l  ends  o f  th e  p h a ryn gea l  a rc h  c a r t i l a g e s  
a r t i c u l a t e  w ith  each o t h e r .  The c a r t i l a g e  o f  th e  f i r s t  
a r c h ,  M eckel 's  c a r t i l a g e ,  g iv e s  r i s e  in  i t s  p o s t e r i o r  end 
t o  a t  l e a s t  t h e  head and manubrium of th e  m alleus
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(homologue t h e r e f o r e  o f  th e  a r t i c u l a r  and r e t r o a r t i c u l a r ; 
t h e  a n t e r i o r  p ro c e ss  o f  t h e  m a l le u s ,  th e  g o n ia le ,  i s  
d e rm a l,  and homologous w ith  th e  r e p t i l i a n  p r e a r t i c u l a r ) . 
From t h e  second c a r t i l a g e  d e v e lo p s  th e  s t a p e s  (p e r f o r a te d  
by th e  o f t e n  t r a n s i t o r y  a r t e r y  o f  th e  second a r c h ,  and 
homologous to  th e  o s te ic h th y a n  hyom andibular bone) and 
p ro x im a lly  t h e  in c u s  (probably  th e  homologue of t h e  
q u a d r a t e ) . (T his second c a r t i l a g e  i s  o f t e n  termed 
" R e i c h e r t ’s  c a r t i l a g e ” i n  th e  l i t e r a t u r e :  th e  more d i s t a l
p o r t io n  o f  i t  g iv e s  r i s e  t o  a t  l e a s t  th e  tympanohyal of 
t h e  hyoid a r c h ,  and f r e q u e n t ly  a d d i t i o n a l  hyoid e lem en ts  
a s  w e l l . )  Above t h i s  s i t e  of a r t i c u l a t i o n  between th e  
c a r t i l a g e s  and t h e i r  endochcndra l d e r i v a t i v e s ,  th e  tegmen 
tym pani develops  a c o n c a v i ty  to  house th e  in c u s  and the  
a r t i c u l a r  head o f  th e  m a l le u s— th e  ep ity m p an ic  r e c e s s .
During t h e  d i f f e r e n t i a t i o n  o f  th e  o s s i c l e s  from th e  
c a r t i l a g e s  on each s i d e  of th e  tubo tym pan ic  r e c e s s ,  the  
ex trem e end o f  th e  r e c e s s  expands d o r s o l a t e r a l l y  around 
t h e  d ev e lo p in g  o s s i c l e s ,  so  t h a t  th e  endoderm al w a l l  of 
t h e  pouch from th e  pharynx co v ers  th e  o s s i c l e s  a s  w e l l  a s  
t h e  w a l ls  o f  th e  tym panic  c a v i ty  with t h e  mucus l i n i n g  of 
t h e  m iddle  e a r .  The o s s i c l e s  a c t u a l l y  s t a y  c u t s i a e  the  
pouch, a l th o u g h  th e  pouch grows co m p le te ly  around them, in  
t h e  same way t h a t  th e  g u t  i s  a c t u a l l y  o u t s id e  th e  coelom 
in  a v e r t e b r a t e ,  f o r  exam ple. The p rox im al p a r t  o f  the  
tubo tym pan ic  r e c e s s  rem ains  c o n s t r i c t e d ,  form ing t h e
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a u d i to r y  tu b e ,  b en ea th  which a s u p p o r t in g  c a r t i l a g e  
d e v e lo p s  l a t e  in  on to gen y , in  c lo s e  a s s o c i a t i o n  w ith  th e  
r o s t r a l  en to tym pan ic  i f  th e  l a t t e r  i s  p r e s e n t .
E x te rn a l  to  the  pouch e n c lo s in g  th e  tym panic c a v i t y ,  
on th e  v e n t r a l  s u r f a c e ,  th e  ec to ty m p an ic  deve lops  above 
t h e  f i b r o u s  membrane t h a t  has developed f l o o r in g  t h e  
tym panic  c a p s u le .  I t  d eve lops  in tram em branous ly , and i s  
g e n e r a l ly  c o n s id e re d  homologous to  th e  a n g u la r  of th e  
r e p t i l i a n  low er jaw. Entotym panics a lm o s t  always develop  
a s  endochondra l bo n es , c a r t i l a g e - r e p l a c e m e n t  bones, w ith in  
t h e  f i b r o u s  membrane i t s e l f  (MacPhee, 1979, 1981). This 
i s  an i n t e r e s t i n g  example o f  an a p p a r e n t ly  neomorphic 
e lem en t t h a t  i s  n o t  a membrane bone , b u t  endochondra l 
i n s t e a d — a s i t u a t i o n  f o r  which P a t t e r s o n ' s  (1977a: 79) 
d e f i n i t i o n  of "membrane bone" to  in c lu d e  neomorphic or 
h e t e r o to p i c  bones does no t work p a r t i c u l a r l y  w e ll .
In  summary, t h e n ,  th e  inn erm ost p a r t  o f  th e  i n n e r  
e a r ,  t h e  f l u i d - f i l l e d  membranous l a b y r i n t h ,  i s  ec to derm al 
in  o r i g i n  (as a r e  th e  o th e r  sen so ry  s t r u c t u r e s  and th e  
c e n t r a l  ne rvous system  i t s e l f  in  v e r t e b r a t e s ) .  The 
c a r t i l a g i n o u s ,  th en  bony, l a b y r i n th  su r ro u n d in g  th e  
s t a t o - a c o u s t i c  o r g a n s ,  th e  c t i c  c a p s u le  and i t s  
o s s i f i c a t i o n ,  th e  p e t r o s a l ,  i s  mesodermal, a s  a re  th e  
p h a ry n g e a l  c a r t i l a g e s  and t h e i r  endochondra l d e r i v a t i v e s ,  
t h e  e a r  o s s i c l e s .  The a i r - f i l l e d  m iddle e a r  c a v i ty  i s  
l i n e d  w ith  endoderm from th e  pharynx, w ith  which i t
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r e t a i n s  i t s  c o n n e c t io n  v ia  th e  a u d i to r y  (or E ustach ian)  
t u b e .  O s s i f i c a t i o n s  o f  th e  tym panic  f l o o r  develop in  a 
v a r i e t y  o f  ways: t h e  ec to ty m pan ic  i s  a derm al bone# most
en to ty m p an ics  appear t o  develop  en d o ch o n d ra l ly  (but w ith in  
t h e  f i b r o u s  membrane, so  p e rh ap s  t h i s  i s  e q u iv a le n t  to  
a d v e n t i t i o u s  c a r t i l a g e ) , and tym panic  p ro c e s s e s  develop  
g e n e r a l ly  a s  membrane bone ou tg row ths  a d ja c e n t  to  th e  
in t r a ty m p a n ic  s u r f a c e  of th e  f i b r o u s  membrane (MacPhee, 
1981: 1 6 ) .
M uscles i n s e r t i n g  on th e  r e a r  o f  s k u l l  and bas ic ran iu ro
The fo l lo w in g  o u t l i n e  g iv e s  a summary o f  th e  c r a n i a l  
m usc les  i n s e r t i n g  on th e  b a s ic ra n iu m  and p o s t e r io r  s u r f a c e  
o f  th e  s k u l l .  Only two m uscles a r e  a c t u a l l y  e n c lo se d  deep 
w i th in  t h e  m iddle  e a r ,  th e  m. t e n s o r  tympani and m. 
s t a p e d i u s .  Two a d d i t i o n a l  m uscles i n s e r t  ve ry  c lo s e  to  o r  
in  th e  a u d i to r y  r e g io n ,  th e  t e n s o r  and l e v a t c r  v e l i  
p a l a t i n i  m u sc le s .  The r e s t  a l l  i n s e r t  on th e  edges o f  th e  
a u d i to r y  r e g io n —on t h e  m asto id  and p a r o c c i p i t a l  p ro c e se s  
and r id g e  between th e  two, a co u p le  on th e  v e n t r a l  s u r f a c e  
o f  th e  b a s i c c c i p i t a l , and many on th e  lambdoid c r e s t  and 
nu chal s h i e l d .
A q u ick  g la n c e  a t  th e  h e ig h t  on th e  nuchal c r e s t ,  t h e  
r u g o s i t y  o f  t h e  s h i e l d ,  and th e  s i z e  o f  p a r t i c u l a r l y  th e  
m asto id  p ro c e ss  in  n im ra v id s  l e a d s  one to  th e  c o n c lu s io n  
t h a t  heavy neck and jaw m u sc u la tu re  accompanied t h e
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developm ent o f  s a b e r - l i k e  c a n i n e s .  The s i g n i f i c a n c e  of 
t h i s  f o r  i n t e r p r e t a t i o n  o f  th e  a u d i to r y  r e g ic n  i s  tw o fo ld :  
f i r s t ,  w h ile  no m uscles in  e x ta n t  c a r n iv o ra n s  a r e  known to  
i n s e r t  on th e  a u d i to r y  b u l l a  i t s e l f ,  e x c e p t  on th e  
s t y l i f o r m  p ro c e s s  a t  th e  a n te ro m e d ia l  c o r n e r ,  e s p e c i a l l y  
no major ones c o n t r o l l i n g  head o r  jaw s, i t  i s  c l e a r  th a t  
many m uscles  i n s e r t  around t h i s  r e g io n ,  and may a f f e c t  
p ro p o r t io n s  o f  t h e  r e g io n  by in v o lv in g  changes in  l e v e r  
arms o r  s i z e  o f  i n s e r t i o n s .  Second, t h e  shape and 
p o s i t i o n  o f  t h e  b u l la  i t s e l f  may change in  re sp o n se  to  
t h e s e  m u s c le - re la te d  changes i n  su r ro u n d in g  s t r u c t u r e s ,  
such a s  h y pertro phy  o f  t h e  m as to id  p ro c e s s ,  and w i l l  
t h e r e f o r e  be due to  f u n c t i o n a l  re a so n s  e x t r i n s i c  t o  th e  
a re a  we a re  s tu d y in g .
The fo l lo w in g  o u t l i n e  o f t h e  c r a n i a l  m uscles i s  
a r ra n g ed  from s u p e r f i c i a l  t c  d e e p ,  and d o r s a l  t o  v e n t r a l .  
Most o f  t h e  in fo rm a tio n  i s  from Crouch (1969) and W esse lls  
and C e n te r  (1975).
M. ABDUCTOR AURIS BREVIS
o r i g i n : larabdoidal c r e s t
i n s e r t i o n : m edial s u r f a c e  o f  concha of e x t e r n a l  e a r
a c t i o n : p u l l s  concha caudad
M. CLEIDOTRAPEZIUS (= M. CLAVOTRAPEZIUS, M.
CLEIDCCERVICIS)
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o r i g i n : lam bdoidal c r e s t  t o  m id do rsa l  raphe o v e r
jm ser t i o n : c l a v i c l e ,  on rap h e  w ith  c l e i d o b r a c h i a l i s
a c t i o n :  draws c l a v i c l e  c r a n io d o r s a l
M. LEVATOR SCAPULAE DORSALIS
o r i g i n : lam bdoidal r id g e  under m. c l a v o t r a p e z iu s
i n s e r t i o n :  s c a p u la
a c t i o n : r o t a t e s  and draws s c a p u la  c ra n ia d
M. RHOMBOIDEUS CAPITIS (= M. OCCIPITOSCAPULARIS) 
o r i g i n : medial h a l f  o f  lam b do ida l  r i d g e
i n s e r t i o n : c r a n i a l  a n g le  o f  sc ap u la
a c t i o n : r o t a t e s  and draws sc a p u la  c ra n ia d
M. STERNOMASTOIDEUS
o r i g i n : manubrium o f  sternum
i n s e r t i o n : lam bdo ida l r i d g e ,  m asto id  reg io n
a c t i o n : u n i l a t e r a l :  t u r n s  head;
M. BIVENTER CERVICIS (= m edial p o r t io n  o f  M. SEMI-SPINALIS
o r i g i n : s l i p s  from s p in o u s ,  c r a n i a l  a r t i c u l a r ,  and
a x is
b i l a t e r a l :  f l e x e s  neck and d e p re s s e s  snout
CAPITIS)
t r a n s v e r s e  p r o c e s s e s  of c e r v i c a l  and f i r s t
t h r e e  t h o r a c i c  v e r t e b r a e
m edia l t h i r d  o f  lam bdoidal c r e s t
a c t i o n : u n i l a t e r a l :  f l e x e s  head l a t e r a l l y
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b i l a t e r a l :  e l e v a t e s  head
M. COMPLEXUS (= l a t e r a l  p o r t io n  o f  M. SEMI-SPINALIS
CAPITIS)
o r i g i n : s l i p s  from s p in o u s ,  c r a n i a l  a r t i c u l a r ,  and
t r a n s v e r s e  p ro c e s s e s  of c e r v i c a l  and f i r s t  
t h r e e  t h o r a c i c  v e r t e b r a e  
i n s e r t i o n :  m edial t h i r d  o f  lam bdoidal c r e s t ,  l a t e r a l
to  m. b iv e n te r  c e r v i c i s  
a c t i o n : u n i l a t e r a l :  f l e x e s  head l a t e r a l l y ;
b i l a t e r a l :  e l e v a t e s  head
M. RECTUS CAPITIS POSTERIOR (MAJOR AND MEDIUS) 
o r i g i n : sp inous p ro c e ss  o f  a x is
i n s e r t i o n : s u p r a o c c i p i t a l  bone, v e n t r a l  t o  m edial
p a r t  o f  lam bdo ida l c r e s t  
a c t i o n : e l e v a t e s  h e a d ,  r a i s e s  sno u t
M. RECTUS CAPITIS POSTERIOR MINOR 
o r i g i n : d o r s a l  a rc h  o f  a t l a s
i n s e r t i o n : s u p r a o c c i p i t a l  b en e , v e n t r a l  t o  i n s e r t i o n  
o f  m. r e c tu s  c a p i t i s  p o s t e r i o r  m ajor and 
med i  us 
a c t i o n : r a i s e s  snou t
M. SPLENIUS (broad s h e e t  o f  m uscle co v e r in g  d o r s a l  and 
l a t e r a l  s u r f a c e s  o f  neck) 
o r i g i n : m id d o rsa l  c e r v i c a l  f a s c i a  and l ig a m en t
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i n s e r t i o n : lam bd o ida l  r i d g e  t o  m asto id  ( l a t e r a l
p o r t io n  may be fused  w ith  m. lo n g is s im u s  
c a p i t i s )
a c t i o n : u n i l a t e r a l :  f l e x e s  head l a t e r a l l y ;
b i l a t e r a l :  e l e v a t e s  head
M. LONGISSIMUS CAPITIS
o r i g i n : by fo u r  tendons on a n t e r i o r  a r t i c u l a r
p ro c e s s e s  o f  c e r v i c a l  v e r t e b r a e  fo u r  th rough  
seven
i n s e r t i o n : s t r o n g  tendon  t o  m asto id  p ro ce ss  (o f ten
u n i te d  w ith  m* sp le n iu s )  
a c tj to n : f l e x e s  head l a t e r a l l y
M. DIGASTRICUS
o r i g i n :  m astoid  p r o c e s s ,  p a r o c c i p i t a l  p r o c e s s ,  and
r id g e  between them 
i n s e r t i o n : v e n tro m ed ia l  margin o f  mandible
a c t i o n :  d e p re s s e s  m an d ib le ,  opens mouth
M. STYLOGLOSSUS
o r i g i n : m astoid  p ro c e ss  and s ty lo h y a l  
i n s e r t i o n : tongue 
a c t i o n : r e t r a c t s  tongue
M. CLEIDOMASTOIDEUS (deep to  m. s te rn o m a s to id e u s )  
o r i g i n : m asto id  p ro c e ss
i n s e r t i o n : c l a v i c l e  and raphe  l a t e r a l  to  c l a v i c l e
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a c t  i o n : p u l l s  head down o r  draws c l a v i c l e  forw ard
M. JUGULOHYOIDEUS
o r i g i n ; p a r o c c i p i t a l  p ro c e ss  
i n s e r t i o n : s ty lo h y a l
a c t i o n ; draws hyoid  caudad
M. LEVATOR SCRPULARIS VENTRALIS (= M. OMOTRANSVERSARIUS) 
o r i g i n : v e n t r a l  s u r f a c e  o f  b a s i o c c i p i t a l  and
t r a n s v e r s e  p ro c e s s  cf  a x i s  
i n s e r t i o n : metacromion and in f r a s p in o u s  fo ss a
a c t i o n : draws s c a p u la  c ra n ia d
M. LONGUS CAPITIS ( l i e s  on v e n t r o l a t e r a l  s u r f a c e  o f
c e r v i c a l  v e r te b r a e )  
o r i g i n : by f iv e  head on m arg ins o f  t r a n s v e r s e
p ro c e s s e s  of second th rough  s i x t h  c e r v i c a l  
v e r t e b r a e
i n s e r t i o n : b a s isp h e n o id  and b a s i o c c i p i t a l  bones ,
m edial to  tympanic b u l l a  ( u n i te s  a t  
i n s e r t i o n  w ith  m. l e v a to r  s c a p u l a r i s  
v e n t r a l i s )
a c t i o n : d e p re s s e s  s n o u t ,  draws head v en trad
M. RECTUS CAPITIS VENTRALIS (d o r s a l  t o  and deep t o  m.
longus c a p i t i s )  
o r i g i n : v e n t r a l  a rc h  of a t l a s
i n s e r t i o n : b a s i o c c i p i t a l  bone c a u d a l  t c  i n s e r t i o n  o f
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m. longus c a p i t i s  
a c t i o n : draws head v e r t r a d  by d e p re s s in g
a t l a n t o - o c c i p i t a l  j o i n t
M. RECTUS CAPITIS LATERALIS
o r i g i n : v e n t r a l  s u r f a c e  o f  t r a n s v e r s e  p ro ce ss  c f
a t l a s
i n s e r t i o n : f o s s a  l a t e r a l  t o  o c c i p i t a l  condyle  and on 
b ase  o f  p a r o c c i p i t a l  p ro c e s s  
a c t i o n : f l e x e s  head l a t e r a d
M. TENSOR VELI PALATINI
o r i g i n: v e n t r a l  s u r f a c e  o f  spheno id  between foramen
o v a le  and groove f o r  a u d i to ry  tu b e  (Reighard 
e t  a l . ,  1935: 230}j c a r t i l a g e  o f  th e  a u d i to r y  
tu b e  (Cunningham and Romanes, 1972: 2 9 3 );  
p ro c e s s u s  t u b a r i u s  on a n t e r i o r  horn o f  
e c to ty m p a n ic  (van d e r  Klaauw, 1931: 132) 
i n s e r t i o n : in  a p o n e u ro s is  i n  velum p a la tinu m  ( s o f t
p a la t e )
a c t i o n: s t r e t c h e s  th e  p a l a t e
M. LEVATOR VELI PALATINI
o r i g i n : s u r f a c e  o f  b a s isp h e n o id  m edial to  g roove f o r
a u d i to ry  t u b e ,  and s ty l i f o r m  p ro c e ss  c f  
b u l la  tym pani 
i n s e r t i o n : i n t o  t h e  velum pa la tinum
a c t i o n : e l e v a t e s  c au d a l  p a r t  o f  s o f t  p a l a t e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 171
M. STAPEDIUS
o r i g i n : fo s s a  i n  l a t e r a l  s u r f a c e  o f  p e t r o s a l  caudal
to  e p i ty m p an ic  r e c e s s  and c lo s e  t o  f e n e s t r a  
v e s t i b u l i  
i n s e r t i o n : head of s t a p e s
a c t i o n : p u l l s  i n  a d i r e c t i o n  p a r a l l e l  to  p la n e  of
f o o t p l a t e ,  f o r c in g  cne s id e  o f  t h e  f o o t p l a t e  
i n to  t h e  v e s t ib u lu m ,  and p u l l s  t h e  o th e r  
s id e  away from th e  p e t r o s a l ;  th e  a n n u la r  
l ig am en t  i s  th u s  a c t in g  a s  a s p r in g  between 
th e  f o o t p l a t e  and th e  f e n e s t r a  v e s t i b u l i .
M. TENSOR TYMPANI
o r i g i n : fo s s a  m u s c u la r is  major in  e p ity m p an ic  wing
o f  p e t r o s a l  (d o r s o c ra n ia l  to  f e n e s t r a  
v e s t i b u l i ) , o r  w a ll  o f  a u d i to r y  t u b e ,  c r  
both
i n s e r t i o n : on t r a n s v e r s e  p a r t  o f  m a l le u s ,  c lo s e  t o
th e  base  o f  th e  manubrium 
a c t i on : te n s e s  tym panic membrane ( p r o te c t in g  a g a in s t
p r o t r a c te d  loud  n o i s e ) ,  and t i g h t e n s  
a r t i c u l a t i o n s  o f  o s s i c u l a r  c h a in  ( F l e i s c h e r ,  
1978: H5)
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G lo ssa ry
Much c o n fu s io n  has  su rrounded  th e  use  and meaning o f  
many o f  th e  te rm s i d e n t i f y i n g  b a s i c r a n i a l  f e a t u r e s .  S ince  
th e  f u n c t io n  o f  a term  i s  t o  communicate som eth ing , to  
r e f e r  s p e c i f i c a l l y  t o  som eth in g , such c o n fu s io n  o v e r  
meaning i s  bo th  s e l f - p e r p e t u a t i n g  and im m ediately 
d e f e a t in g  t o  th e  l a r g e r  g o a ls  o f  an a to m ica l  d e s c r ip t io n  
and p h y lo g e n e t ic  a n a l y s i s .  Why th e  l a t t e r  i s  a l s o  
a f f e c t e d  i s  c l e a r  when one remembers t h a t  hom ologies and 
d e f i n i t i o n s  o f  c h a r a c t e r  s t a t e s  (upon which s p e c i f i c  
h y p o th eses  of phylogeny a re  in e sca p ab ly  based) a r e  im p lied  
by th e  i d e n t i f i c a t i o n s  o f  s t r u c t u r e s ,  and th o s e  
i d e n t i f i c a t i o n s  a r e  communicated from one person  to  
a n o th e r ,  o r  even encoded j u s t  i n  th e  o r i g i n a l  w o rk e r 's  
n o t e s ,  by words and l a b e l s .  To d ism is s  a q u e s t io n  a s  
b e ing  merely one o f  se m a n t ic s  i s  to  m iss th e  fundam enta l 
p o in t  t h a t  i t  i s  on ly  th rough  language t h a t  we communicate 
h i s t o r i c a l  i d e a s ,  and i t  i s  th rough  language  th a t  we 
encode th e  d e t a i l s  o f  our h y p o th eses .
Two sometimes c o n f l i c t i n g  p a ram ete rs  o f  language  must 
be s im u lta n e o u s ly  maximized in  o rd e r  t o  in c r e a s e  
e f f i c i e n c y  and accu racy  o f  communication: one a s p e c t  i s
t h e  s t a b i l i i t y  o f  meaning (a s o r t  o f  a c c u ra c y of 
la n g u a g e ) ,  so t h a t  most peop le  a s s o c i a t e  th e  same meaning 
w ith  a te rm .  The o th e r  a s p e c t ,  e q u a l ly  im p o r ta n t ,  i s  
p r e c i s i o n  o f  meaning and c o n n o ta t io n ,  so t h a t  meanings a r e
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i n c r e a s in g l y  s p e c i f i c  and p r e c i s e ,  r a t h e r  th a n  vague or 
am biguous. (This i s  n o t t o  say  t h e  c o n c e p t ,  id e a ,  or 
o b j e c t  r e f f e d  to  becomes more p r e c i s e ,  o n ly  t h a t  a 
w orthw h ile  goal in  s c i e n c e  i s  t h a t  t h e  co rrespon dence  o f  a 
word t o  a concep t becomes t i g h t e r ,  no m a t te r  how vague o r  
ambiguous i s  th e  co n cep t t o  which th e  word r e f e r s .  Lewis 
C a r r o l l  would have known e x a c t ly  what I  mean.) These two 
c o n s i d e r a t i o n s —p r e c i s io n  and acc u ra c y  in  l a n g u a g e - - w i l l  
sometimes be in  c o n f l i c t ,  bu t one w i l l  be a ided  in  
b a la n c in g  com peting demands by remembering t h e  primary 
g o a l  o f  a c c u ra te  and e f f i c i e n t  com m unication.
One u s e f u l  re sp o n se  on t h e  p a r t  o f  i n d iv i d u a l s  i s  to  
d e f in e  how th ey  a re  u s in g  th e  more d i f f i c u l t ,  ambiguous, 
o b s c u r e ,  o r  d isp u te d  te rm s .  By r e f e r e n c e  to  th e  a u t h o r ' s  
d e f i n i t i o n s ,  r e a d e r s  w i l l  be b e t t e r  a b le  t o  un ders tand  t h e  
re a so n in g  p re sen te d  even i f  th e  r e a d e r  u s u a l ly  u se s  some 
te rm s d i f f e r e n t l y .  A nother p o t e n t i a l  b e n e f i t  i s  t h a t  
u n d e r ly in g  co n cep ts  may be c l a r i f i e d  in  t h e  a u t h o r ' s  mind 
o r  th e  r e a d e r ' s  mind or b o th ,  re d u c in g  c o n fu s io n  and 
p ro b ab ly  i n c r e a s in g  t h e  s t a b i l i t y  o f  terms* m eanings. 
T h e re fo re  I  app laud  th e  e f f o r t s  o f  v a r io u s  a u th o rs  to  
d i s c u s s  meanings e x p l i c i t l y  and to  o f f e r  d e f i n i t i o n s  
( e . g . .  B ast and Anson, 19U9: 120; C a r tm i l l ,  1975: 317; 
KacPhee, 1981: U l ) .
On th e  same p h i lo s o p h ic a l  grounds I  c o n s id e r  
c o u n te rp ro d u c t iv e  any a r b i t r a r y  r u l e s ,  e . g . :  "These
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d e f i n i t i o n s  a r e  based on th e  n o m e n c la to r ia l  assum ption  
t h a t  th e  human noroina anatom ica  ta k e  p r i o r i t y  where 
homology i s  known; t h a t ,  i f  an a n k le  bone in  some an im al 
i s  b e l ie v e d  to  be homologous w ith  th e  human t a l u s ,  i t  i s  
an e r r o r  to  r e f e r  to  i t  as th e  a s t r a g u l u s . "  ( C a r tm i l l ,  
1975: 3 1 7 ) .  fts was argued in  th e  g e n e ra l  m o rp ho log ica l  
in t r o d u c t i o n  f o r  c r a n i a l  bone ho m olog ies , a human i s  in  
many r e s p e c t s  a very poor ’’ty p e ” an im al because  o f  a 
v a r i e t y  o f  r a t h e r  ex trem e s p e c i a l i z a t i o n s ,  n o t  l e a s t  of 
which i s  b i p e d a l i t y  and th e  a t t e n d a n t  s h i f t s  in  
o r i e n t a t i o n  o f  many s t r u c t u r e s .  G ran ted , t h e  human i s  and 
w i l l  l i k e l y  remain t h e  an im al whose anatomy i s  known in  
most d e t a i l ;  i n  th o se  c a s e s  i n  which s p e c i f i c  d e t a i l  i s  
known o n ly  f o r  th e  human, th e n  hominid term ino logy  w i l l  
o b v io u s ly  a p p ly .
But two o th e r  s i t u a t i o n s  o c c u r :  in  one (of which
C a r tm i l l  gave an e x am p le ) , th e  s t r u c t u r e s  in  g e n e r a l  a r e  
homologous and th e  te rm s  used  a re  f u l l y  synonymous ( i . e .  
no d i f f e r e n c e s  in  c o n n o ta t io n ,  e x ce p t  pe rhaps  one te rm  
im p ly in g  t h a t  th e  t a r s a l  e lem en t i s  from a hominid and th e  
o t h e r  t h a t  i t  i s  from some non-hom inid mammal, b ecause  o f  
c u r r e n t  u s a g e ) .  There  i s  nc r e a l  rea so n  t o  use one over 
th e  o t h e r .  The on ly  problem caused  i s  t h a t  s t u d e n ts  in  
t h e  f i e l d  have two words t o  l e a r n  t o  use  and r e c o g n iz e  
r a t h e r  th a n  o ne . ftnd t h i s  re q u ire m e n t  w i l l  remain no 
m a t te r  how w e ll  f u t u r e  a u th o r s  conform to  th e  Nomina
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finatoroica i f  th o s e  s t u d e n t s  a r e  going to  rea d  p re v io u s ly  
p u b l is h e d  works w ith  com prehension .
The rem ain ing  s i t u a t i o n ,  however, i s  more o f  a 
prob lem . For th o s e  s t r u c t u r e s  i n  which Homo i s  v e ry  
s p e c i a l i z e d ,  many te rm s  w i l l  be i n a c c u r a te  o r  m is le ad in g  
in  t h e i r  im p lied  r e l a t i o n s h i p s  and hom ologies when a p p lie d  
t o  an im a ls  no t s p e c i a l i z e d  in  t h e  same f a s h i o n .  (A good 
example was t h e  u se  o f  " te m p o ra l” t o  in c lu d e  squam osal, 
p e t r o s a l ,  and tym p an ic , d is c u s s e d  ab ove .)  I n  th e s e  c a s e s ,  
i t  i s  most im p o rtan t  t o  work o u t  a g e n e ra l  te rm in o lo g y  
c o m p le te ly  a p p l i c a b le  t o  th e  p r im i t iv e  c o n d i t io n ;  
s p e c i a l i z e d  c o n d i t i o n s ,  in c lu d in g  th e  hominid c o n d i t i o n ,  
w i l l  th en  be d e s c r i b a b le  i n  th o s e  more w ide ly  a p p l i c a b le  
te r m s .  The g r e a t e s t  b e n e f i t  w i l l  be t h a t  im p lied  
hom ologies and p o l a r i t i e s  w i l l  more n e a r ly  match c u r r e n t  
h y p o th e s e s .  But c l e a r l y ,  in  such c a s e s ,  c l i n g in g  t o  th e  
te rm in o lo g y  c r e a te d  f o r  th e  hominid c o n d i t io n  i s  
c o u n te r p ro d u c t iv e .
T h is ,  th e n ,  i s  t h e  p h i lo so p h y  u n d e r ly in g  th e  
d e c i s io n s  I  have made abo u t s p e c i f i c  te rm s t o  use  and what 
I  mean by them . In  t h e  fo l lo w in g  g l o s s a r y ,  I  have given 
t h e  d e f i n i t i o n s  o f  some t e r n s  a s  they a r e  used in  t h i s  
r e p o r t ,  a s  w ell  as  synonym ies , o r  a t  l e a s t  te rm s t h a t  
sometimes have been used f o r  th e  same s t r u c t u r e .  The main 
c e n t e r s  o f  o s s i f i c a t i o n  have been summarized in  t h e  
p re v io u s  s e c t i o n ;  most bones a r e  t h e r e f o r e  n o t  l i s t e d .  I
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have avoided  u s in g  a l a t i n i z e d  term  t o  mean one t h in g  and 
i t s  g lo s s  t o  mean a n o th e r ,  because  t h i s  p r a c t i c e  
in t r o d u c e s  u n n ecessa ry  c o n fu s io n :  i t  becomes im p o ss ib le
t o  t r a n s l a t e  th e  l a t i n i z e d  v e r s io n  d i r e c t l y ,  s in c e  th e  
t r a n s l a t i o n  h as  a n o th e r  meaning! Enough m o d if ie r s  a re  
a v a i l a b l e  t h a t  such d i s t i n c t i o n s  a re  u n n e c e ssa ry .  I  have 
n o t  s u p p l ie d  g lo s s e s  f o r  a l l  synonyms s i n c e  they  w i l l  
u s u a l ly  be r e a d i l y  re c o g n iz e d  when enco u n te red  in  t h e  
l i t e r a t u r e  (and I  am n o t  a d v o c a t in g  t h e i r  u se  i n  f u t u r e  
s t u d i e s ) • G lo sses  o r  l a t i n i z e d  v e r s io n s  a r e  from t h e  
Nomina Anatomica ( t h i r d  e d i t i o n ) , u n le s s  re fe re n c e d  
o th e r w i s e .
ANTEROMEDIAL PROCESS
synonyms: p ro cessu s  a n te r o m e d i a l i s .  (sometimes
m is la b e l le d  th e  " s ty l i f o r m  process**, e . g .  
R eighard  e t  a l . ,  1935: 56; F ie ld  and T a y lc r ,  
1950; Crouch, 1 9 69 ) .  
an a n t e r i o r l y  d i r e c te d  p r o j e c t i o n  from th e  a n te ro m e d ia l  
c o rn e r  o f  th e  b u l l a ,  ly in g  on o r  in  a groove in  th e  
b a s isp h e n o id  bone, m ed ia l t c  th e  a p e r tu r e  f o r  th e  t u b a l  
c a r t i l a g e .  In  r o d e n t s ,  t h e  s ty l i f o r m  p ro c e s s  a p p e a rs  t o  
be i n  th e  same p o s i t i o n  a s  th e  a n te ro m e d ia l  p ro cess  of 
c a r n i v o r a n s . and o th e r  t a x a ,  p e rh ap s  t h e  b a s i s  o f  t h e  
c o n fu s io n  in  f e l i d  anatom y. The two a re  d i s t in g u i s h e d  in
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s k e l e t a l  p r e p a r a t io n s  ( in  which th e  i n s e r t i o n  o f  t h e  m. 
l e v a t o r  v e l i  p a l a t i n i  can no t be de te rm ined  d i r e c t l y )  by 
t h e  r e l a t i v e  p o s i t i o n  o f  th e  a u d i to r y  foram en: th e
s ty l i f o r m  p ro c e ss  i s  on th e  v e n t r a l  m argin o f  th e  a u d i to r y  
foram en, whereas th e  a n te ro m e d ia l  p ro c e ss  i s  medial to  t h e  
a u d i to r y  foramen and d i r e c t l y  a p p re ssed  t o  th e  
b a s is p h e n o id .  (Van d e r  Klaauw, 1931: 117; KacPhee, 1981: 
4 6 ) .
ASCENDING PHARYNGEAL ARTERY
synonyms: a .  pharyngea a sc e n d e n s ,  a n t e r i o r  c a r o t id  a r t e r y
(see  C a r t m i l l ,  1975). 
branch from t h e  e x t e r n a l  c a r o t i d  a r t e r y ,  v e n t r a l  t o  the  
a u d i to ry  b u l l a ,  u s u a l ly  a sm all  v e s s e l  su p p ly in g  
p h a ry n g ea l  m usc les ;  how ever, in  seme fo rm s, in c lu d in g  many 
c a r n iv o r a n s ,  t h i s  v e s s e l  i s  l a r g e  and an as to m o tic  w ith  th e  
a n t e r i o r  p o r t io n  o f  t h e  e x t r a c r a n i a l  i n t e r n a l  c a r o t i d ,  
th u s  c o n t r i b u t i n g  to  o r  ta k in g  o ver  t h e  c a r o t id  a r t e r i a l  
supply  to  th e  c i r c l e  o f  W i l l i s  i n t r a c r a n i a l l y .
AUDITORY BULLA
synonyms: b u l l a  a u d i t . iv a ,  tympanic b u l l a
th e  s k e l e t a l  f l o o r  t o  th e  tym panic c a v i t y ,  e i t h e r
c a r t i l a g i n o u s  o r  o s s e o u s ,  and e i t h e r  f l a t  o r  i n f l a t e d .
The term  "tym panic b u l l a "  i s  to  be a v o id e d ,  because i t  i s  
u n c le a r  w hether an a u d i to r y  b u l l a  i n  g e n e ra l  i s  m eant, o r  
s p e c i f i c a l l y  one composed e n t i r e l y  of th e  "tym panic
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bone” — i . e .  e c to ty m p a n ic .
AUDITORY TUBE
synonyms; E u s ta c h ia n  tu b e ,  tu b a  a u d i t i v a ,  
pharyngotym panic  tu b e .
Channel c o n n e c t in g  t h e  tym panic c a v i ty  w ith  th e  pharynx; 
d e r i v a t i v e  from th e  g i l l  pouch between th e  f i r s t  
(m andibular) and second (hyoid) p h a ry n g ea l  a r c h e s ,  and 
c o n s id e re d  homologous w ith  th e  p r i m i t i v e  gnathostom e 
s p i r a c u l a r  c a n a l ;  su p p o r te d  by a c a r t i l a g e  ( the  " tu b a l  
c a r t i l a g e " ) , w ith  which th e  r o s t r a l  en to ty m p an ic  i s  o f te n  
c lo s e l y  a s s o c i a t e d  d u r in g  development (MacPhee, 1 9 8 1 ) .
BASICAPSULAR FENESTRA
synonyms: b a s i c o c h le a r  f i s s u r e ,  f i s s u r a  p e t r o o c c i p i t a l i s .
" sp ace  in c lu d e d  between th e  v e n tro m ed ia l  edge o f  t h e  
a u d i to r y  c a p su le  and th e  l a t e r a l  edge o f  t h e  p a ra ch o rd a l  
c a r t i l a g e ,  bounded a n t e r i o r l y  by th e  a n t e r i o r  b a s i c a p s u la r  
(or sp h en o co ch lea r)  com m issure, and p o s t e r i o r l y  by th e  
b a s i v e s t i b u l a r  com m issure, o r i t  may be c o n f lu e n t  w ith  th e  
fo rem ost p a r t  o f th e  f i s s u r a  m e to t ic a ,  which t r a n s m i t s  th e  
g lo sso p h a ry n g e a l  n e rv e  and i s  l im i te d  behind  by th e  
p o s t e r i o r  b a s i c a p s u l a r  com m issure .” (de B e e r ,  1937: 399)
CAROTID CANAL 
synonyms: none fo u n d .
bony c a n a l  o r  tu b e  f o r  th e  i n t e r n a l  c a r o t i d  a r t e r y  in  
b a s i c r a n i a l  e lem en ts  v e n t r a l  and p o s t e r i o r  t o  th e  p assage
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of  t h e  i n t e r n a l  c a r o t i d  a r t e r y  th ro u g h  th e  i n t e r n a l  
c a r o t i d  foramen p ro p e r ;  formed by p e r i o s t e a l  ou tg row ths  
from th e  v e n t r a l  s u r f a c e  o f  t h e  p e t r o s a l  i n  some p r im a te s ,  
f o r  exam ple , o r  by t h e  r o s t r a l  en to tym pan ic  w ith in  th e  
b u l l a r  w a ll  in  most c a r n i v c r a n s .
CHORDA TYMPANI NERVE
synonyms: i n t e r n a l  m and ibu lar  b ranch  c f  t h e  f a c i a l ,
b ranch  o f  th e  f a c i a l  ( V I I ) , a r i s i n g  i n  th e  tym panic c a v i ty  
n e a r  t h e  f a c i a l ' s  e x i t  from th e  s ty lo m a s to id  fo ram en, 
t r a v e l i n g  a n t e r i o r l y  a long  ro o f  o f  tym panic  c a v i ty ,  
l a t e r a l  t o  th e  s t a p e s ,  v e n t r a l l y  p a s t  th e  in c u d o m a lle a r  
a r t i c u l a t i o n ,  and f i n a l l y  a long  th e  i n n e r  a s p e c t  o f  
M eck e l 's  c a r t i l a g e ,  t h u s  e x i t i n g  v ia  t h e  G la se r ia n  
f i s s u r e ;  in n e r v a te s  t h e  tongue ( l in g u a l  n e r v e ) .
COCHLEAR AQUEDUCT
synonyms: ag u ed uc tu s  c o c h le a e ,  c c c h le a r  c a n a l i c u l u s ,
p a ssa g e  in  th e  o t i c  c a p su le  f o r  th e  p e r i ly m p h a t ic  
( p e r i o t i c )  d u c t ,  which runs  from th e  p e r i l y m p h - f i l l e d  
sp ace  w ith in  t h e  o sse o u s  l a b y r i n t h  and su r ro u n d in g  th e  
membranous l a b y r i n th  o f  th e  in n e r  e a r  to  t h e  subarachno id  
sp a c e ;  a p e r t u r e  o f t h e  d u c t  i s  on th e  p o s te ro m e d ia l  apex 
of th e  p e t r o s a l ,  i n t o  th e  e m a rg in a t io n  a t  t h e  p o s t e r io r  
l a c e r a t e  foram en.
COCHLEAR FENESTRA
synonyms: f e n e s t r a  c o c h le a e ,  f e n e s t r a  ro tu n d a ,  round
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window, a p e r t u r a  l a t e r a l i s  o f  t h e  r e c e s s u s  
s c a l a e  tym pani (de B eer ,  1937: U02, U31) . 
a c i r c u l a r  a p e r tu r e  a c ro s s  which s t r e t c h e s  th e  secondary  
tym panic membrane a t  th e  end o f  th e  s c a l a  tympani p o r t io n  
o f  th e  c o c h le a ,  nq t e q u iv a le n t  to  th e  c o c h le a r  f o s s u la  
(q . v . ) ,  c o n t r a Coombs and Coombs (1982: 2 2 7 ) .
COCHLEAR FOSSULA
synonyms: f o s s u la  f e n e s t r a e  c o c h le a e ,  f o s s u la  f e n e s t r a e
ro tu n d a e .
a c a v i ty  o r  fu n n e l-sh a p e d  e x c a v a t io n  on th e  v e n t r a l  o r  
p o s t e r o l a t e r a l  s u r f a c e  o f  th e  promontorium w ith in  which i s  
c o n ta in e d  th e  c o c h le a r  f e n e s t r a ,  sometimes hidden frcm 
v iew . A common m isco ncep tion  a p p ea rs  to  be t h a t  t h e  
secondary  tym panic  membrane i s  lo c a te d  a c r o s s  th e  a p e r t u r e  
o f  t h e  f o s s u la  r a t h e r  than  a t  t h e  l e v e l  o f  th e  f e n e s t r a  
c o n ta in e d  w i th in  i t .  (MacPhee, 1981: 51, 5U)
CONDYLOID CANAL
synonyms: c a n a l i s  c o n d y la r i s .
c a n a l  w i th in  th e  e x o c c i p i t a l  f o r  th e  o c c i p i t a l  venous 
s i n u s ;  a n t e r i o r  opening  in  t h e  p o s t e r i o r  w all  o f t h e  
sigm oid  s in u s  and th e  p o s t e r io r  opening  on t h e  i n t e r n a l  
s u r f a c e  o f  th e  e x o c c i p i t a l ,  i n t e r n a l  t o  t h e  o c c i p i t a l  
c o n d y le s .
CRISTA PAROTICA 
synonyms: c r i s t a  f a c i a l i s .
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a p ro c e ss  from th e  p o s t e r o l a t e r a l  c o rn e r  o f  th e  p e t r o s a l ,  
t o  which th e  tympanohyal e v e n tu a l ly  a t t a c h e s  o r  f u s e s ,  and 
from which deve lops  t h e  l a t e r a l  ep itym pan ic  wing, th e  
tegmen tym pan i,  from th e  p e t r o s a l .
CRISTA PETROSA 
synonyms: p e t r o s a l  c r e s t .
sh a rp  r id g e  on th e  d o r s a l  and a n t e r i o r  s u r f a c e  of t h e  
p e t r o s a l ,  e x te n d in g  t o  th e  a n te ro m e d ia l  apex and form ing 
an edge between th e  a n t e r o l a t e r a l  fa c e  and th e  dorsom edia l 
f a c e ;  in  forms w ith  a l a r g e  o sseous t e n to r iu m ,  t h e  c r i s t a  
i s  t h e  m edia l-m ost edge of th e  p e t r o s a l ' s  abutm ent a g a in s t  
t h e  te n to r iu m .
CRISTA TYMPANICA
synonyms: c r i s t a  tympani (Hough, 1 9 5 3 ) .
a s e m ic i r c u l a r  o r  c i r c u l a r  .f lange  o r  r i d g e  on th e  i n t e r n a l  
f a c e  o f  t h e  ec to ty m p an ic  r i n g ,  form ing th e  m edial o r  
do rsom ed ia l  w all  o f  t h e  tympanic su lc u s  (w ith in  which 
a t t a c h e s  t h e  tym panic membrane). (MacPhee, p e r s .  comm.; 
1981: 51)
ECTOTYMPANIC BONE
synonyms: tym panic , tympanic r i n g ,  an n u lu s  tym panicus.
a dermal bone (sensu P a t t e r s o n ,  19 7 7 a ) , c i r c u l a r  o r  
s e m ic i r c u l a r  i n  sh a p e ,  which su p p o r ts  th e  tym panic 
membrane; se e  F igu re  27. G e n e ra lly  c o n s id e re d  to  be 
homologous to  th e  r e p t i l i a n  a n g u la r .  In  mammalian
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embryos, t h i s  e lem ent i s  h o rse sh o e -sh a p e d ,  w ith  t h e  
opening p o s i t io n e d  d o r s a l l y  i n  t h e  tym panic  n o tch .  I t  
l i e s  a lm ost h o r i z o n t a l l y  a c r o s s  th e  f l o o r  o f  th e  tym panic 
r e g io n .  The two arms a r e  term ed th e  r o s t r a l  and cauda l 
ho rn s  o r  le g s  ( e .g .  Van d e r  Klaauw, 1931) o r  th e  a n t e r i o r  
and p o s t e r i o r  c ru r a  (MacPhee, 1981: 5 2 ) .
ENTOTYMPANIC BONE
synonyms: endotym panic , metatym panic (Wincza, 1 8 9 6 ) ,  os
b u l l a e .
M iv a r t 's  (1881) term  f o r  th e  in depend en t and presumably 
neomorphic e lem ent (s) in  th e  f l o o r  of th e  tym panic c a v i ty ,  
c o n t r i b u t i n g  t o  th e  a u d i to ry  b u l l a  in  a v a r i e t y  o f  form s. 
Van der  Klaauw (1931: 266) in c lu d ed  und er  t h i s  term  both 
c a r t i l a g i n o u s  and o s s i f i e d  e le m e n ts .  In  many c a s e s ,  a 
r o s t r a l  o s s i f i c a t i o n  c e n te r  ( a s s o c ia te d  w ith  th e  tu b a l  
c a r t i l a g e  and i n t e r n a l  c a r o t id  a r t e r y )  can be 
d i s t in g u i s h e d  from one o r  mere caud a l  en to tym p an ics  (Van 
d e r  Klaauw, 1931; H unt, 197Ha).
EPITYMPANIC RECESS
synonyms: r e c e s s u s  e p ity m p a n ic u s ,  a t t i c u s  tym panicus
(MacPhee, 1981 :52 ) .  
c a v i ty  o r  e x c a v a t io n  in  th e  tegmen tympani (and sometimes 
p a r t l y  in  th e  a d ja c e n t  sq u a m o sa l) ,  in  th e  r o o f  o f th e  
tym panic c a v i ty ,  h ou s in g  th e  in c u s  and head of th e  
m a l le u s .  (Sometimes i n c o r r e c t l y  used in  a much b ro ad e r
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s e n s e ,  e . g .  Coombs and Coombs, 1982: 226, 227.)
EPITYMPANIC WING 
svnonvros: none fo u n d .
bony o r  c a r t i l a g i n o u s  outgrow th i n t o  th e  r o o f  o f  t h e  
tym panic c a v i ty  from any o f  th e  su rro u n d in g  bones o f  th e  
s k u l l .
(OSSEOUS) EXTERNAL AUDITORY MEATUS 
synonyms: meatus a c u s t i c u s  e x te r n u s .
a u d i to ry  meatus o r  c h an n e l  d e f in e d  u s u a l ly  by th e  edge o f  
t h e  e c to ty m p a n ic ,  som etim es by t h e  p e t r o s a l  o r  
en to tym pan ic  i n s t e a d  (MacPhee, 1 9 8 1 :5 3 ) .  The edges o f  th e  
ec to ty m p an ic  may be produced i n to  an OSSEOUS EXTERNAL 
AUDITORY MEATAL TUBE. The e x te r n a l  a u d i to r y  meatus i s  
co n tin u ed  d i s t a l l y  by a c a r t i l a g i n o u s  p o r t i o n ,  which le a d s  
i n t o  th e  a u r i c l e .
FACIAL CANAL
synonyms: c a n a l i s  f a c i a l i s .
an en c lo sed  p o r t io n  o f  th e  f a c i a l  s u lc u s  on th e  p e t r o s a l ,  
conveying th e  f a c i a l  n e rv e  th rough  th e  tym panic  c a v i t y .
FACIAL FORAMEN
synonyms: foramen f a c i a l e ,  a p e r tu r a  tym pan ica  c a n a l i s
f a c i a l i s  (MacPhee, 1981: 5 4 ) ,  second ary  f a c i a l  
foramen (Moore, 1 9 8 1 :4 4 ) .  
a p e r tu r e  o r  foram en, in  th e  tegmen tympani o f  th e
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p e t r o s a l ,  th ro u g h  which th e  f a c i a l  ne rve  (VII) p a s se s  from 
t h e  o t i c  c a p su le  ( s p e c i f i c a l l y  th e  cavum s u p r a c o c h le a r e ,  
housing  th e  g a n g lio n  o f th e  f a c i a l  ne rve)  i n t o  th e  
tym panic  c a v i ty  o f  th e  m iddle e a r .  n o t  t h e  foramen 
s ty lom asto ideum  p r im it iv u m , a l th o u g h  som etim es i n c o r r e c t l y  
i d e n t i f i e d  as such (see  d i s c u s s io n  in  MacPhee, 1981: 5 4 ) .
FACIAL SULCUS
synonyms: s u lc u s  f a c i a l i s ,  ag u ed u c tu s  F a l l o p i i  (B ast and
Anson, 1 9 4 9 ) .
c h an ne l in  which l i e s  t h e  f a c i a l  nerve  in  th e  m idd le  e a r ,  
e x te n d in g  from th e  f a c i a l  foramen a n te r o m e d ia l ly ,  p a s t  t h e  
m edial s i d e  o f  th e  c r i s t a  f a c i a l i s  o f  th e  p e t r o s a l  ( s i t e  
o f  a t ta c h m en t  o r  f u s io n  of th e  ty n p a n o h y a l ) , and f i n a l l y  
t o  th e  s ty lo m a s to id  foramen v e n t r o l a t e r a l l y . P a r t s  of 
t h i s  s u lc u s  may be ro o fe d  over  t o  form a f a c i a l  c a n a l .
GLASERIAN FISSURE
synonyms: f i s s u r a  p e t ro ty m p a n ic a .
f i s s u r e  between th e  a n t e r i o r  p a r t  o f  tym panic  r i n g  o r ( in  
c a r n iv o r a n s ,  t h e  a n t e r i o r  margin o f t h e  r o s t r a l  
en to tym pan ic)  and e i t h e r  th e  p o s t e r i o r  w a ll  of th e  
p o s tg le n o id  p ro c e s s  (squamosal) o r  more m e d ia l ly ,  th e  
a l i s p h e n o id ;  p ro v id e s  passag e  e a r l y  i n  ontogeny f o r  
M eck e l 's  c a r t i l a g e  (Van d e r  Klaauw, 1931: 1 6 4 ) ,  and l a t e r  
f o r  th e  n .  chorda tympani (branch o f  V II) and accompanying 
b lood v e s s e l s ,  in c lu d in g  th e  i n f e r i o r  ramus of th e
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s t a p e d i a l  a r t e r y  i f  p r e s e n t .  " G la s e r ia n  f i s s u r e ” i s  an 
eponymous name, bu t i s  s t i l l  t o  be p r e f e r r e d  over t h e  term  
most commonly c o n s id e re d  synonymous, f i s s u r a  
p e tro ty m p a n ic a ,  because  th e  l a t t e r  (based on th e  c o n d i t io n  
in  humans) i s  no t  a c o r r e c t  d e s c r i p t io n  o f  th e  f i s s u r e  in  
g u e s t io n  in  t h e  m a jo r i ty  o f  mammals. In  th e  
p a l e o n to l o g i c a l  l i t e r a t u r e ,  th e  f i s s u r a  G la s e r i  i s  
sometimes e r ro n e o u s ly  d e sc r ib e d  a s  a no tch  in  th e  
squamosal o r  p o s tg le n o id  p r o c e s s ,  r a t h e r  th a n  be in g  the  
f i s s u r e  i t s e l f  between th e  squam osal and th e  a b u t t in g  
a u d i to r y  bones ( e .g .  Coombs and Ccombs, 1 9 8 2 :2 2 3 ) .  Ihe  
o bserved  no tch  in  such c a s e s  m ight be th e  v e n t r a l  end o f  a 
g roove f o r  th e  chordatym pani o r  a s s o c i a t e d  blood v e s s e l s  
( e .g .  i n f e r i o r  ramus of th e  s t a p e d i a l ,  e t c . )  or b o th .
GLENOID FOSSA
synonyms: fo s sa  m a n d ib u la r i s ,  m andibular f o s s a ,
c o n c a v i ty  in  th e  squamosal bone t h a t  r e c e iv e s  th e  
a r t i c u l a r  co nd y le  of th e  m an d ib le .
HIATUS. FACIALIS 
synonyms: h i a t u s  f a l l o p i i .
a p e r t u r e  a t  t h e  a n t e r i o r  end o f th e  c a n a l  in  th e  p e t r o s a l  
f o r  th e  g r e a t e r  s u p e r f i c i a l  p e t r o s a l  ne rve  (= p a l a t i n e  
b ranch  o f  th e  f a c i a l )  which a r i s e s  from t h e  g e n ic u la te  
g a n g lio n  o f  t h e  V l l th  w ith in  th e  p e t r o s a l ,  and j o i n s  with 
t h e  deep p e t r o s a l  n e rv e  to  form th e  ne rve  o f th e  p te ry g o id
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c a n a l  (= V id ian  n e r v e ) . The h i a t u s  f a c i a l i s  i s  u s u a l ly  
p o s i t io n e d  a t  th e  a n t e r i o r  edge o f  th e  p e t r o s a l*  so  t h a t  
t h e  n e rv e  u s u a l ly  p a s s e s  v e n t r a l l y  th rough  a foramen in  
t h e  p e tro sg u am o sa l o r  p e tro s p h e n o id a l  s u tu r e  (or th roug h  a 
p e r s i s t e n t  p i r i f o r m  f e n e s t r a )  t o  th e  v e n t r a l  s id e  o f  th e  
sp h e n o id .  From th e r e  th e  combined n e rv e  o f  th e  p te ry g o id  
c a n a l  e x i t s  t h e  a u d i to r y  re g io n  in  p a r a l l e l  with t h e  
a u d i to ry  tu b e  and th e n  a n t e r i o r  t c  t h e  p o s t e r i o r  opening 
o f th e  p te ry g o id  c a n a l .
HYOID PROCESS
synonyms: p ro c e ss u s  h y o id eu s .
t u b e r o s i t y  o r  r u g o s i ty  on m edial w all o f  m asto id  p o r t io n  
o f  p e t r o s a l  bone, to  which a t t a c h e s  t h e  tympanohyal 
c a r t i l a g e  o f  t h e  hyo id  a p p a r a tu s ;  p a r t  o f  th e  c r i s t a  
p a r o t i c a .  The hyoid p ro c e ss  i s  sometimes i n c o r r e c t l y  
i d e n t i f i e d  as th e  " s t y l o i d  p r o c e s s " ,  which i n  human 
anatomy i s  in  th e  same p o s i t i o n ,  bu t in  th e  l a t t e r  
r e p r e s e n t s  a f u s io n  o f  th e  tympanohyal and s ty lo h y a l  
p o r t io n s  o f  t h e  hyoid  with the  p e t r o s a l .  De Beer (1937: 
U05) c o n s id e re d  i t  t y p i c a l  fo r  mammals t o  have th e  
s ty lo h y a l  fu sed  to  t h i s  p o r t io n  o f  th e  c r i s t a  p a r o t i c a ,  
form ing a t r u e  s t y l o i d  p ro c e s s ;  he n o te s  t h a t  i t  i s  so 
fu sed  in  F e l i s  (de B e e r ,  1937: 328)•  However, t h i s  i s  
c o n t r a d ic t e d  by th e  common o b s e rv a t io n  in  t h e  s k e le to n  o f  
t h e  dom estic  c a t  o f  s e p a r a t e  hyoid  e le m e n ts  t h a t  may be 
i d e n t i f i e d  a s  s t y l o h y a l s ;  th e s e  a re  c o n n ec te d  to  t h e  s k u l l
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by a c a r t i l a g e  t h a t  i s  c o n s id e re d  a c a r t i l a g i n o u s  
tym panohyal, and i s  c o n ta in e d  w i th in  th e  vag ina  p ro c e ssu s  
hyo ideus formed by th e  en to tym pan ic  (see  Moore, 1981:
217) .
HYPOGLOSSAL FORAMEN OR CANAL
synonyms: c a n a l i s  h y p o g lo s s i ,  a n t e r i o r  c o n d y la r  foramen
o r  c a n a l  (Jam ieson , 1946: 2 5 ) ,  t r c u  co n d y lien  
(Guth, 1964: 34) , c o n d y la r  foramen (C lark  and 
Guensburg, 1972), co n d y lo id  foramen (Flower, 
1869) o r  c a n a l  (Cooper and S c h i l l e r ,  1975: 3 5 ) •  
p a ssag e  th rough  th e  f l o o r  o f th e  b r a in c a s e ,  p o s te ro m ed ia l  
t o  th e  p o s t e r i o r  l a c e r a t e  fo ram en , f o r  t h e  e x i t  o f  th e  
h y p o g lo s sa l  n e rv e  (X I I ) ; i f  e lo n g a te d  i n t o  a c a n a l ,  an 
i n t r a c r a n i a l  and e x t r a c r a n i a l  a p e r t u r e  o f  t h e  c a n a l  may be 
re c o g n iz e d .  The term  " a n t e r i o r  c c n d y la r  foramen o r  c a n a l” 
i s  used in  human anatomy, presum ably in  c o n t r a s t  t o  the  
more p o s t e r i o r l y  p o s i t io n e d  c a n a l  f o r  th e  o c c i p i t a l  s in u s ,  
a n t e r i o r  and p o s t e r i o r  in  humans c o rre sp o n d in g  to  v e n t r a l  
and d o r s a l  r e s p e c t i v e l y  of e th e r  a n im a ls .  Guth (1964) 
r e p o r t e d  f in d in g  a sm a ll  v e in  b ran c h in g  from th e  o c c i p i t a l  
s i n u s  p a s s in g  w ith in  th e  o c c i p i t a l  to  th e  h y p o g lo ssa l  
c a n a l  and e x i t i n g  v ia  th e  h y p o g lo ssa l  foramen (h is  " t ro u  
c o n d y l ie n ”) to  j o in  t h e  v e r t e b r a l  v e in  v e n t r a l  to  th e  
b a s i o c c i p i t a l .
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HYPOTYMPANIC SINUS 
s y nonyms: none fo und .
a i r - f i l l e d  s in u s  o r  chamber e n c lo se d  by an i n f l a t e d  b u l la  
v e n t r a l  t o  th e  tym panic c a v i ty  in  th e  narrow se n se ;  not 
p a r t i c u l a r l y  d i s t i n c t  from th e  tym panic  c a v i ty  and 
g e n e r a l ly  in c lu d e d  in  a broad meaning o f  ’'tym panic  
c a v i t y " .
INFERIOR PETROSAL (VENOUS) SINUS
synonyms: s in u s  p e t r o s u s  i n f e r i o r ,  p e t r o b a s i l a r  s i n u s ,
s in u s  p e t r o s u s  v e n t r a l i s .  
venous s i n u s  l y in g  in  a open s u lc u s  s i n u s  p e t r o s i  
i n f e r i o r i s  o r w i th in  th e  p e t r o b a s i l a r  c a n a l ,  v e n t r a l  to  
t h e  b r a i n ,  and e x te n d in g  frcm th e  cavernous s in u s  
a n t e r i o r l y  t o  jo in  w ith  th e  sigm oid  s i n u s  p o s t e r i o r l y ,  
t h e re b y  fo rm ing  th e  i n t e r n a l  j u g u la r  v e in .
INTERNAL AUDITORY MEATUS
synonyms: i n t e r n a l  a c o u s t i c  m ea tu s ,  m eatus a c u s t i c u s
in  t  e m u s .
a p e r t u r e  f o r  th e  e n t r a n c e  of th e  a c o u s t i c  
(v e s t ib u lo c o c h le a r )  n e rv e  (V III) and th e  f a c i a l  n e rv e  
(VII) i n t o  th e  o t i c  c a p s u le ,  on th e  d o rso m ed ia l  f a c e  o f 
t h e  p e t r o s a l ;  in  mammals, c o n ta in s  w i th in  i t  a t  l e a s t  th e  
p rim ary  f a c i a l  foram en (V I I ) ,  th e  s u p e r io r  a c o u s t i c  
foramen ( v e s t i b u l a r  b ranch  c f  V I I I ) , and t h e  i n f e r i o r  
a c o u s t i c  foramen (c o c h le a r  b ranch  o f  V I I I ) , a lth o u g h
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a d d i t i o n a l  s u b d iv i s io n s  may o ccu r  ( e . g . ,  s e e  de B e e r ,
19 37: 4 0 4 -4 0 5 ) .
INTERNAL CAROTID ARTERY
svnonvms: a .  c a r o t i s  i n t e r n a ,  e n to c a r o t id  a r t e r y  (bu t se e
MacPhee, 1981: UO f o r  a more g e n e r a l  use  of 
" e n t o c a r o t i d ” ) . 
dorsom ed ia l b ranch  from th e  common c a r o t id  a r t e r y ,  running  
e i t h e r  m edial t o  o r  t r a v e r s i n g  th e  m iddle e a r  c a v i t y ,  
e n te r in g  th e  b r a in c a s e  th rough  th e  a n t e r i o r  c a r o t id  
foram en, and jo in in g  th e  c i r c l e  o f  W i l l i s  below t h e  t r a i n .  
See d i s c u s s io n  i n  t e x t .
INTERNAL CAROTID FORAMEN
synonyms: a n t e r i o r  c a r o t i d  foramen o f  some a u th o r s ,
median l a c e r a t e  foramen of some a u th o r s ,  medial 
c a r o t i d  fo ram en , 
p a ssag e  th rough  th e  f l o o r  o f th e  chondrocranium  f o r  the  
e n t r a n c e  o f  th e  i n t e r n a l  c a r o t i d  a r t e r y ,  and th e  
com parable passage  th ro u g h  th e  f l o o r  o f  th e  o s s i f i e d  
c ran ium . The i n t r a c r a n i a l  o r i f i c e  o f th e  i n t e r n a l  
c a r o t i d ' s  passage  th rough  th e  o s s i f i e d  cranium  i s  
e q u iv a le n t  t o  th e  f e t a l  i n t e r n a l  c a r o t id  foram en, s i t u a t e d  
nex t t o  th e  s e l l a  t u r c i c a  fo r  th e  hypophysis  (MacPhee,
19 81: 4 0 ) .  Depending on r e l a t i v e  growth of th e
b a s i c r a n i a l  bo nes , t h e  e x t r a c r a n i a l  a p e r t u r e  o f t h e  
i n t e r n a l  c a r o t i d  foramen in  th e  a d u l t  s k u l l  may be
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s h i f t e d ,  o f te n  p o s t e r i o r l y .  I f  a bony c a n a l  th rough  
tym panic e lem en ts  (as in  most c a r n i v o r a n s ) , c r  a c r o s s  th e  
v e n t r a l  s u r f a c e  o f  t h e  p e t r o s a l  (as in  some p r im a te s ) , i s  
p r e s e n t  and a t  i t s  a n t e r i o r  end c o - o s s i f i e d  or c lo s e l y  
s u tu r in g  with th e  e x t r a c r a n i a l  edge o f  th e  i n t e r n a l  
c a r o t i d  foram en, th e  r e s u l t  w i l l  be a c o n f lu e n ce  o f  t h a t  
e x t r a c r a n i a l  a p e r t u r e  of th e  i n t e r n a l  c a r o t i d  with th e  
a n t e r i o r  end o f  th e  c a n a l ,  and o f t e n  an i n a b i l i t y  t o  
l o c a t e  t h e  i n t e r n a l  c a r o t i d  foramen e x t r a c r a n i a l l y . See 
f u r t h e r  d i s c u s s io n  in  t e x t .
MASTOID PROCESS
synonyms: p ro ce ssu s  m asto ideus
r u g o s i ty  o r  p ro c e ss  f o r  muscle i n s e r t i o n ,  n e x t  to  
s ty lo m a s to id  foramen and a t tac h m en t  o f  th e  hyoid c h a in ;  
formed in  l a r g e  p a r t  by th e  m asto id  p o r t io n  of th e  
p e t r o s a l  (a l a t e r a l  ou tgrow th  o f  th e  c r i s t a  p a ro t i c a )  and 
a l s o  i n  v a ry in g  d e g re e s  by th e  squam osal (whose 
c o n t r i b u t i o n  was term ed a p c s t- ty m p a n ic  p ro ce ss  by Van d e r  
Klaauw, 1931: 7 8 ) .
MIDDLE MENINGEAL ARTERY 
synonyms: a .  meningea m edia.
branch  t y p i c a l l y  from th e  f i r s t  p a r t  o f  t h e  i n t e r n a l  
m a x i l la ry  a r t e r y ,  e n te r in g  cranium  v ia  foramen o v a le ;  
s u p p l i e s  blood to  t h e  meninges o f  th e  b r a i n .  A common 
v a r i a n t  i s  fo r  t h i s  a r t e r y  to  become a b ran ch  (v ia
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a n as to m o sis )  o f  th e  i n t e r n a l  c a r o t i d  a r t e r y .
OTIC CAPSULE
sv n o n v a s : a u d i to ry  c a p s u le ,  c a p s u la  o t i c a  (MacPhee, 1981:
58) .
e n d o c r a n ia l  c h o n d r i f i c a t i o n  around  th e  organ of 
e q u i l ib r iu m  d o r s a l l y ,  th e  u t r i c l e  and s e m ic i r c u l a r  c a n a ls  
(p a r  c a n a l i c u l a r i s ) , and around th e  organ o f  h e a r in g  
v e n t r a l l y ,  t h e  co ch lea  (p a rs  c o c h l e a r i s ) . The term  
’•a u d i to ry  c a p s u le ” i s  synonymous with **otic c a p s u le ” , and 
n e i t h e r  can be p ro p e r ly  used t o  r e f e r  to  th e  f i b r o u s  
c a p s u le  su rro u n d in g  th e  in n e r  p lu s  th e  m iddle  e a r .  I f  a 
term  i s  needed f o r  t h e  l a t t e r  u n i t ,  ’’tym panic  c a p s u le ” i s  
p ro b ab ly  b e s t  s in c e  t h e  tym panic c a v i ty  i s  th e  p rim ary  
v a c u i ty  su r ro u n d e d .
PARCCCIPITAL PROCESS
synonyms: p a ram as to id  p ro ce ss  (G reene, 1935: 1 6 ) ,  ju g u la r
p ro ce ss  ( e . g .  F ie ld  and T a y lo r ,  1950; Crouch, 
196 9 ) ,  p ro c e ssu s  j u g u l a r i s ,  e x o c c i p i t a l  p ro ce ss  
( e .g .  J o l l i e ,  196 2 ) , p a ra c o n d y lo id  p ro c e s s  
( e .g .  W alker, 1980). 
p ro c e s s  o f  th e  e x o c c i p i t a l  bone p o s t e r i o r  to  the  a u d i to r y  
b u l l a .  I t  may be c lo s e l y  ap p re ssed  t o  th e  r e a r  w a l l  of 
t h e  b u l l a ,  o r  e n t i r e l y  d i s t i n c t .
PETROBASILAR CANAL (M il le r  e t  a l . ,  1964: 13 , 23; S is s o n ,  
1914: 1 9 0 ) .
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synonyms; p e t r o o c c i p i t a l  c an a l  (G e tty ,  1975: 1470) . 
c a n a l  formed between th e  p e t r o s a l  l a t e r a l l y  and th e  m edial 
b a s i c r a n i a l  e le m e n ts ,  t h e  b a s i o c c i p i t a l  and sometimes t h e  
b a s is p h e n o id ,  m e d ia l ly ;  t r a v e r s e d  by t h e  i n f e r i o r  p e t r o s a l  
venous s i n u s .  In  some ta x a  i t  i s  a b s e n t ,  t h e  s in u s  being  
c a r r i e d  i n  a s u lc u s  on th e  d o r s a l  s u r f a c e s  o f  th e  
b a s is p h e n o id ,  b a s i o c c i p i t a l ,  and p e t r o s a l .  In many forms 
however, a w e l l  d e f in e d  p e t r o b a s i l a r  c a n a l  i s  p r e s e n t ,  
ro o fed  by f l a n g e s  from t h e  m edial bones and th e  p e t r o s a l ,  
and v a r i a b ly  f lo o re d  by s i m i l a r  f l a n g e s .  Even when a 
c a n a l  i s  th u s  form ed, because  th e  bony e lem en ts  
c o n t r i b u t i n g  t o  i t  a r e  n o t  c o - o s s i f i e d ,  th e  w all o f  th e  
c a n a l  in  each e lem ent s t i l l  forms a c h an n e l  termed a 
s u lc u s  s i n u s  p e t r o s i  i n f e r i o r i s .  I  p r e f e r  " p e t r o b a s i l a r ” 
t o  " p e t r o o c c i p i t a l " ,  because  i t  i s  s p e c i f i c a l l y  t h e  p a rs  
b a s i l a r i s  o f  th e  o c c i p i t a l  t h a t  fcrms one w a ll  of t h e  
c a n a l ,  t h e  a n t e r i o r  p a r t  o f  which may even be a 
c o n t in u a t io n  by th e  b a s is p h e n o id .
PETROBASILAR FORAMEN 
svnonvms: none fo u n d .
foramen th ro u g h  which p a s s e s  th e  p o s te r io r - m c s t  s e c t i o n  o f  
t h e  i n f e r i o r  p e t r o s a l  venous s i n u s ,  o u t  o f th e  
p e t r o b a s i l a r  c a n a l  t o  jo in  th e  sigm oid s in u s  and th u s  
form ing  th e  i n f e r i o r  j u g u la r  v e in .  T h is  foramen i s  only  
re c o g n iz e d  in  th o se  ta x a  in  which a bony p a r t i t i o n  
s e p a r a t e s  th e  p o in t  o f  e x i t  o f  th e  i n f e r i o r  p e t r o s a l  s in u s
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from th e  p o s t e r i o r  l a c e r a t e  foramen p r o p e r .
PETROSAL BONE
sv n o n v a s : p e t ro u s  p o r t i o n  (pars  p e t ro s a )  o f  tem po ra l
bone, p e r i o t i c  bene, 
dense  bone housing  t h e  s t a t o - a c o u s t i c a l  o rg an s  in  th e  
i n n e r  e a r ,  r e p r e s e n t in g  th e  o s s i f i c a t i o n  o f  th e  o t i c  
c a p s u le  (endochondral bone) and d e r iv e d  ep itym pn ic  wings 
(membrane bone , sensu  P a t t e r s o n ,  1977a; t h e  ep itym pan ic  
wing o f  th e  p e t r o s a l ,  a n t e r i o r l y ,  and th e  tegmen ty m pan i,  
l a t e r a l l y ) ; used h e re  to  a l s o  in c lu d e  th e  m asto id  p o r t io n  
l a t e r a l  and p o s t e r o l a t e r a l  t o  th e  o t i c  c a p s u le .  See pages 
1 3 0 f f  f o r  th e  r a t i o n a l e  f o r  r e c o g n iz in g  t h e  p e t r o s a l  
( in c lu d in g  th e  m asto id ) as a s e p a r a t e  e lem en t r a t h e r  than  
a p a r t  o f  th e  " tem pora l bone.**
PIRIFORM FENESTRA 
synonyms: py rifo rm  f e n e s t r a .
gap between th e  e p ity m p an ic  wings o f  th e  sphenoid  and 
squam osal bones a n t e r i o r l y ,  and th e  o t i c  c a p s u le  o r  i t s  
d o r s a l  o u tg ro w th s  p o s t e r i o r l y  (MacPhee, 1981: 5 9 );  l a rg e  
e m b ry o n ic a l ly , bu t most o f t e n  c lo s e d  in  a d u l t s .  The gap 
t h a t  Greene (1935: 16) has l a b e l l e d  th e  "p e tro ty m p a n ic  
f i s s u r e "  i n  R a t tu s  a p p e a rs  t o  me to  be a p e r s i s t e n t  
p i r i f o r m  f e n e s t r a ;  t h e  form er t e rm ,  how ever, i s  u s u a l ly  
c o n s id e re d  a synonym o f  f i s s u r a  G l a s e r i .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 194
POSTERIOR CAROTID FORAMEN 
svnonvms: none found .
o r i f i c e  th rough  which th e  i n t e r n a l  c a r o t i d  a r t e r y  e n t e r s  
t h e  c a r o t id  c a n a l  i f  t h e  l a t t e r  i s  p r e s e n t ;  in  some ta x a .  
opens i n t o  o r  i s  a p p a r e n t ly  c o n f lu e n t  w ith  t h e  p o s t e r io r  
l a c e r a t e  foram en.
POSTERIOR LACERATE FORAMEN
svnonvms: j u g u la r  foram en (but se e  b e lo w ) , f i s s u r a
m e to t ic a  (de B eer ,  1937: 431; Mocre 1981: 4 3 ) ,  
i n c i s u r a  j u g u l a r i s  (Nomina Anatomica) . foramen 
lacerum  c a u d a le  o r  p e t r o b a s i l a r  f i s s u r e  (M ille r  
e t  a l . ,  1964: 4 2 ) .
f i s s u r e  between th e  p e t r o s a l  and b a s i -  and e x o c c i p i t a l  
bones d o r s a l ly  and between th e  l a t t e r  and th e  a u d i to ry  
b u l l a  i f  p r e s e n t ,  v e n t r a l l y ;  t r a v e r s e d  by th e  n i n t h ,  t e n th  
and e le v e n th  c r a n i a l  n e rv e s ,  and cne o r  more v e in s .  
’’J u g u la r  foramen” i s  o f t e n  used to  be synonymous w ith  
p o s t e r i o r  l a c e r a t e  fo ram en , because  th e  i n f e r i o r  p e t r o s a l  
venous s in u s  (a t  l e a s t  in  p a r t )  and t h e  sigm oid venous 
s in u s  u s u a l ly  j o in  t o  form th e  i n t e r n a l  ju g u la r  v e in  
(sometimes c a l l e d  th e  i n f e r i o r  c e r e b r a l  v e in  a t  t h i s  
p o in t )  e i t h e r  im m edia te ly  d o r s a l ,  w ith in ,,  o r  v e n t r a l  to  
t h i s  fo ram en. However, i f  a s e p a r a t e  p e t r o b a s i l a r  fcramen 
i s  p r e s e n t ,  th en  th e  e x i t s  c f  t h e  sigm oid s in u s  (u s u a l ly  
v ia  t h e  p o s t e r i o r  l a c e r a t e  foramen) and th e  i n f e r i o r  
p e t r o s a l  s in u s  a r e  n e c e s s a r i l y  s e p a r a t e .  I n  t h i s  c a s e .
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t h e  i n t e r n a l  ju g u la r  i s  c l e a r l y  n o t  t r a v e r s i n g  t h i s  
a p e r t u r e ,  and th e  terra " j u g u l a r  foram en” becomes a 
misnomer. The d e s c r i p t i v e  im p l i c a t i o n s  of e i t h e r  
" p o s t e r i o r  l a c e r a t e  foram en" o r  "m e to t ic  f i s s u r e "  a r e  
a p p a r e n t ly  never v i o l a t e d ;  t h e  form er i s  in  more common 
u se  in  t h e  p a le o n to lo g ic a l  and com para tive  a n a to m ic a l  
l i t e r a t u r e .
POSTGLENOID FORAMEN
svnonvms: r e t r o g l e n o i d  foram en, r e t r o a r t i c u l a r  foram en,
foramen pe trosquam osa  (Swindler and Wood, 1973: 
6) .
foramen p o s t e r i o r  to  g len o id  f o s s a ,  conveying s u p e r io r  
p e t r o s a l  venous s i n u s ,  t r a n s v e r s e  venous s i n u s ,  o r  
c o n f lu e n c e  of two, t o  e x t e r n a l  ju g u la r  d ra in a g e ;  v a r i a b ly  
p r e s e n t ,  and when p r e s e n t ,  v a r i a b ly  p o s i t io n e d  anywhere 
from a n t e r i o r  to  b u l l a  ( i . e . ,  p laced  r a t h e r  m ed ia lly )  t o  
p o s i t io n e d  f a r  l a t e r a l l y  and p o s t e r i o r l y  ( in  sup ram ea ta l  
s h e l f )  in  squamosal bone .
POSTGLENOID PROCESS
synonyms: r e t r o g l e n o id  p r o c e s s ,  r e t r o a r t i c u l a r  p ro c e s s ,
p r o j e c t i o n  o f  th e  p o s t e r i o r  m argin  of th e  g le n o id  f o s s a ,  
e x te n d in g  v e n t r a l l y  and o f t e n  c u rv in g  around th e  a r t i c u l a r  
condy le  o f  th e  m andible (McDowell, 1958: 127; MacPhee, 
1 9 8 1 :6 0 ) .
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PROMONTORIUM 
synonyms: none fo u n d .
t h e  low, rounded , v e n t r a l  p r o j e c t i o n  o f  t h e  pars  
c o c h l e a r i s  of th e  p e t r o s a l ,  i n t o  th e  tym panic  c a v i t y .
PTERYGOID CANAL
synonyms: c a n a l i s  p t e r y g o id e u s .  V idian c a n a l ,
c a n a l  u s u a l ly  between th e  p te ry g o id  and b a s isp h e n o id  
bones; t r a n s m i t s  a n e rv e  t h a t  i s  a com bination  o f  th e  
g r e a t e r  s u p e r f i c i a l  p e t r o s a l  n e rv e  ( i s s u in g  from th e  
p e t r o s a l  v ia  t h e  h i a t u s  f a c i a l i s  ( g .v . ) )  and th e  deep 
p e t r o s a l  nerve  (n . p e t r o s u s  p ro fu n d u s ) . There i s  a l s o  
sometimes p r e s e n t  in  t h i s  c a n a l  an accompanying a r t e r y  
t h a t  i s  a sm a ll  in t r a ty m p a n ic  branch  o f  t h e  i n t e r n a l  
c a r o t i d  a r t e r y ,  a t  l e a s t  e m b ry o n ica l ly  (may be c a p tu re d  by 
t h e  e x te r n a l  c a r o t id  system  l a t e r ;  MacPhee, 1981: 4 7 ) .  A 
groove (su lc u s  n e rv i  p t e r y g c id e i )  i s  f r e q u e n t ly  p r e s e n t  on 
t h e  b a s is p h e n o id ,  ru n n in g  from th e  a u d i to r y  reg ion  to  t h e  
p o s t e r i o r  opening  of th e  c a n a l .
SEPTUM BULLAE 
synonyms: none found .
bony septum in  t h e  a u d i to r y  b u l l a e  d iv id in g  the
hypotympanic s in u s  i n t o  two s p a c e s ;  . r e s t r i c t e d  by Hunt
(1974a), fo l lo w in g  W in zca 's  (1896) o r i g i n a l  use o f  th e  ..
term  f o r  th e  septum in  t h e  c a t ,  t c  a s p e c i f i c a l l y  
b i la m in a r  septum composed o f  in tu rn e d  edges from bo th
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ec to ty m p an ic  and c a u d a l  en to tym p an ic  b o nes .
SIGMOID (VENOUS) SINUS
svnonvms: s in u s  s ig m o id e u s ,  p o s t e r i o r  p o r t io n  of t h e
t r a n s v e r s e  s i n u s ,  
venous s in u s  o f  th e  dura  m ater c o n n e c t in g  t h e  s u p e r i o r  
p e t r o s a l  s in u s  and t h e  t r a n s v e r s e  s in u s  d o r s a l l y  w ith  th e  
i n f e r i o r  p e t r o s a l  s in u s  v e n t r a l l y  t o  form th e  i n t e r n a l  
ju g u la r  v e in ;  c o n ta in e d  w i th in  t h e  sigm oid s u lc u s  
(im m edia te ly  p o s t e r i o r  t o  th e  en docho nd ra l  p e t r o s a l )  in  
t h e  p o s t e r o d o r s a l  (m asto id) wing of t h e  p e t r o s a l  and in  
th e  e x o c c i p i t a l .
SPHENORBITAL FORAMEN
s y nonyms: f i s s u r a  o r b i t a l i s  s u p e r i o r ,  o r b i t a l  f i s s u r e ,
sp h e n o id a l  f i s s u r e ,  a n t e r i o r  l a c e r a t e  fo ram en , 
l a r g e  a p e r tu r e  i n  th e  s u tu r e  between th e  a l i s p h e n o id  and 
o rb i to s p h e n o id  bones in  th e  o r b i t a l  f o s s a ,  p ro v id in g  
p assag e  f o r  a t  l e a s t  fo u r  n e rv e s  (oculom otor I I I ,  
t r o c h l e a r  IV , abducens VI, oph tha lam ic  d i v i s io n  o f  
t r ig e m in a l  V, and in  some c a s e s  th e  o p t i c  ne rv e  t r a c t  I I ,  
a s  w e l l ) , th e  i n t e r n a l  o p h th a lm ic  a r t e r y  from th e  i n t e r n a l  
c a r o t i d  a r t e r y ,  and a v e in  from th e  cav e rn o u s  s in u s  to  th e  
vena r e f l e x a .
STAPEDIAL ARTERY
svnonvms: p t e r y g o p a la t in e  a r t e r y  (G reene, 1935: 1 8 3 ) .
l a t e r a l  b ra n c h ,  from th e  i n t e r n a l  c a r o t i d  a r t e r y ,  which
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ru n s  th ro u g h  t h e  tym panic  c a v i t y ,  s p e c i f i c a l l y  p e r f o r a t i n g  
t h e  s t a p e s ;  p r i m i t iv e l y  l a r g e  i n  te t r a p o d s #  sup p ly in g  
th ro u g h  s u p r a o r b i t a l ,  i n f r a o r b i t a l ,  and m andibu lar 
b ra n c h e s ,  t h e  m and ib le ,  upper jaw , and c o n te n ts  o f  th e  
o r b i t  e x c lu d in g  th e  e y e b a l l ;  i n  many e u t h e r i a n s ,  a n t e r i o r  
p o r t io n s  o f  t h i s  su p p ly  a re  tak en  o ver  by t h e  e x t e r n a l  
c a r o t i d  system  v ia  l a r g e  a n a s to m o tic  c h a n n e ls ,  and th e  
stem o f  th e  s t a p e d i a l  i s  e i t h e r  g r e a t l y  reduced  o r  l o s t .
STYLIFORM PROCESS
synonyms: " s t y l o i d  p ro c e s s "  {e .g .  Cooper and S c h i l l e r ,  
1975; no t th e  s t y l o i d  p ro c e ss  o f  th e  
p e t r o s a l — s e e  hycid  p r o c e s s ,  a b o v e ) ,  "m uscular 
p ro c e ss  o f  th e  tem p ora l  bone" (Bradley and 
Grahame, 19U3: 2 13), m uscular p ro c e ss  (M il le r
e t  a l . ,  196U).
a n te ro m e d ia l ly  d i r e c t e d  p r o j e c t i o n  from th e  v e n t r a l  margin 
o f  th e  t u b a l  foram en, a t  t h e  a n t e r i o r  edge o f  th e  a u d i to ry  
b u l l a ,  l a t e r a l  t o  th e  a n te ro m e d ia l  p ro c e ss  o f  th e  b u l l a  i f  
t h e  l a t t e r  i s  p r e s e n t ;  s i t e  of o r i g in  o f  th e  m u scu la r is  
l e v a t o r  v e l i  p a l a t i n i .
STYLOMASTOID FORAMEN
synonyms: foramen s ty lo m a s to id eu m , t e r t i a r y  f a c i a l
foramen (Moore, 1981: U6). 
foramen th rough  which th e  f a c i a l  nerve  (VII) e x i t s  th e  
tym panic c a v i t y ,  su rroun ded  by e i t h e r  en to tym pan ic  o r
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m asto id  o r  b o th ,  and a d ja c e n t  ( l a t e r a l ) ,  to  th e  hyoid  
p r o c e s s .  T his foremen i s  sometimes term ed th e  foramen 
sty lom asto ideum  d e f in i t iv u m  t o  d i s t i n g u i s h  i t  from the  
foramen s ty lom asto ideum  p r im it iv u m , t h e  a p e r tu r e  formed by 
t h e  passage  o f  th e  f a c i a l  nerve  th rough  th e  b a s i l a r  
membrane f l o o r in g  th e  tym panic c a v i ty  p r i o r  in  ontogeny to  
t h e  fo rm atio n  of th e  b u l l a .
SU8ARCUATE FOSSA
svnonvms: fo s s a  s u b a r c u a ta ,  p a r a f l o c c u la r  f o s s a ,
c e r e b e l l a r  f o s s a ,  a p p e n d ic u la r  fo s s a  (Reighard 
e t  a l . ,  1935: 58; B ooth , 19U8: 9 ) .  
c o n c a v ity  in  do rsom ed ia l  ( i n t r a c r a n i a l )  f a c e  o f  p e t r o s a l  
to  accomodate th e  p a r a f lo c c u lu s  o f  th e  ce reb e l lu m ; rim o f  
su b a rc u a te  fo s s a  i s  formed by th e  sw e l l in g  o f  bone around 
th e  s u p e r io r  s e m ic i r c u l a r  c a n a l .
SUPERIOR PETROSAL (VENOUS) SINUS
synonyms: s in u s  p e t ro s u s  s u p e r i o r ,  s i n u s  p e t r o s i s
d o r s a l i s .
venous s in u s  c a r r i e d  by s u lc u s  o r  c a n a l  w i th in  th e  
squamosal bone a long  th e  d o r s a l  margin o f  th e  p e t r o s a l ,  
e x i t i n g  a n t e r i o r l y  v i a  th e  p o s tg le n o id  foramen i f  one i s  
p r e s e n t ,  c o n f lu e n t  a n t e r i o r l y  w ith  th e  cavernous s in u s  
v e n t r a l l y ,  and p o s t e r i o r l y  jo in in g  w ith  th e  t r a n s v e r s e  
s in u s  t o  form th e  sigm oid s i n u s .
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SUPRAMEATAL FOSSA 
synonyms: none fo u nd .
e x c a v a t io n  in  th e  squamosal bone d o r s o l a t e r a l  t o  t h e  
tym panic  membrane, communicating with th e  ep itym pan ic  
r e c e s s  w i th in  th e  tym panic c a v i ty  (T edfo rd , 1976: 366); 
c h a r a c t e r i s t i c  o f  a t  l e a s t  p ro cy o n id s  and perhaps 
p r i m i t i v e l y  o f  a l l  a r c t o i d s .
TEGMEN TYMPANI 
synonyms: none found .
i n i t i a l l y  p o s t e r o l a t e r a l l y  and v e n t r a l l y  d i r e c te d  ledge  
from th e  o t i c  c a p s u le ,  which su b s e q u e n t ly  grcws 
a n t e r i o r l y ,  r o o f in g  over th e  ep ity m p an ic  r e c e s s ;  a 
mammalian f e a t u r e ,  d e r iv e d  from th e  c r i s t a  p a r o t i c a .
(OSSEOUS) TENTORIUM CEREBELLI 
synonyms: none fo und .
bony p l a t e  e x te n d in g  ou t from w a l l s  and down from ro o f  o f 
c r a n i a l  c a v i t y ,  p a r t l y  s e p a r a t in g  th e  c e r e b r a l  and 
c e r e b e l l a r  p o r t io n s  o f  th e  c a v i t y ;  l a t e r a l  p o r t io n  c lo s e ly  
a p p re ssed  t o  d o r s o l a t e r a l  fa c e  o f  p e t r o s a l  in  many t a x a .
TYMPANIC CAPSULE 
synonyms: none found .
term  proposed he re  f o r  th e  u n i t  co m p ris in g  th e  o s s i f y in g  
o t i c  c a p s u le ,  a u d i to ry  o s s i c l e s ,  tym panic membrane, 
a u d i to r y  t u b a l  c a r t i l a g e ,  e c to ty m p a n ic ,  f ib r o u s  f l o o r in g  
membrane, tym panic c a v i t y ,  and e n c lo se d  n e rv e s  and blood
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 201
v e s s e l s .
TYMPANIC CAVITY
svnonvms: c a v i t a s  ty m p an ica , cavum tym pan i.
a i r - f i l l e d  space  e n c lo se d  by t h e  a u d i to ry  b u l l a ,  o r  th e  
f i b r o u s  membrane f l o o r in g  th e  tym panic  r e g io n ;  c o n ta in s  
t h e  t i s s u e s  and s t r u c t u r e s  c f  t h e  m iddle e a r .  A s t r i c t  
d e f i n i t i o n  o f  th e  tym panic c a v i t y  in c lu d e s  o n ly  th e  space  
im m ed ia te ly  around t h e  o s s i c l e s ,  v e s t i b u l a r  f e n e s t r a ,  and 
c o c h le a r  f o s s u l a ,  e x te n d in g  v e n t r a l l y  a s  f a r  a s  t h e  f e t a l  
p o s i t i o n  o f  t h e  f ib r o u s  membrane f l o o r in g  th e  m iddle  e a r .  
The sp ace  e n c lo se d  by expansio n  o f  th e  b u l l a  beyond t h i s  
b a s i c  p o s i t io n  i s  term ed th e  ”hypotyropanic s i n u s ” .
Because th e s e  two sp a ce s  a re  so  p c c r ly  d em arca ted , I  use 
tym panic  c a v i ty  in  t h i s  s tu d y  in  th e  g e n e r a l ,  i n c l u s i v e  
s e n s e ;  i f  n e c e s s a ry ,  one cou ld  r e f e r  to  th e  cavum tympani 
p r im i t iv u m , s in c e  i t s  d em arca tio n  i s  p r im a r i ly  on th e  
b a s i s  o f  embryonic s t r u c t u r e .
TYMPANIC MEMBRANE 
synonyms: tympanum, eard rum .
membrane s t r e t c h e d  a c r o s s  th e  e c tc ty m p an ic  r i n g ,  
s e p a r a t i n g  th e  e x t e r n a l  and m idd le  e a r  c a v i t i e s ;  f u n c t io n s  
in  co n d u c tin g  sound v i b r a t i o n s  from a i r  to  o s s i c u l a r  
c h a in ;  com p rises  two p a r t s ,  t h e  p a r s  t e n s a  (which i n s e r t s  
i n  t h e  tym panic  s u lc u s  o f  th e  ec to tym p an ic )  and th e  pa rs  
f l a c c i d a  ( t h i n ,  membranous, d o r s a l  e x te n s io n  between th e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 202
m alleu s  and t h e  d o r s a l  rim  of t h e  o sseo u s  e x t e r n a l  
a u d i to r y  m e a tu s ) . The form er i s  th e  p a r t  t h a t  d i r e c t l y  
t r a n s m i t s  sound to  t h e  m a l le u s ,  and t h e  l a t t e r  an 
e x t e n s i b l e  s e c t io n  t h a t  p a r t i a l l y  d e te rm in e s  th e  e f f e c t i v e  
volume o f  th e  m iddle e a r  ( F l e i s c h e r ,  1978).
TYMPANIC NOTCH
svnonvms: i n c i s u r a  ty m p an ica , n o tch  o f  R iv in u s  (MacPhee,
1 9 8 1 :6 5 ) .
n o tch  formed by th e  p o s tg le n o id  p ro c e s s  and margin of th e  
g le n o id  f o s s a  a n t e r i o r l y ,  and t h e  m asto id  p ro ce ss  
p o s t e r i o r l y ,  th rough  which e x te n d s  th e  e x te r n a l  a u d i to ry  
m ea ta l  t u b e .
TYMPANIC RING 
synonyms: none found .
t h a t  p o r t io n  o f  th e  ec to ty m p a n ic  com pris ing  the  c r i s t a  
ty m p a n ica ,  th e  tym panic s u l c u s ,  and t h e  o sseo u s  e x t e r n a l  
m eatus; e q u iv a le n t  t o  th e  o n t o g e n e t i c a l ly  e a r l y  form of 
t h e  e c to ty m p a n ic ,  p r i m i t i v e l y  h o rse sh o e -sh a p ed  r a t h e r  th a n  
a com plete  r i n g .
TYMPANIC SULCUS 
synonyms: none found .
groove on in n e r  s u r f a c e  o f  ec to ty m p an ic  r i n g ,  i n t o  which 
i n s e r t s  t h e  tym panic  membrane.
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VAGINA PROCESSUS HYOIDEUS 
svnonvms: none found .
deep p i t  formed by bone of th e  o sseo us  a u d i to r y  b u l l a  
su r ro u n d in g  t h e  (u s u a l ly  c a r t i l a g i n o u s )  tympanohyal a t  i t s  
a r t i c u l a t i o n  w ith  t h e  hyoid  p ro c e s s  o f  th e  p e t r o s a l ,  
im m ed ia te ly  a d ja c e n t  to  th e  s ty lo m a s to id  foram en.
VESTIBULAR AQUEDUCT
synonyms: aq ueduc tus  v e s t i b u l i .
p a ssa g e  in  th e  o t i c  c a p s u le  f o r  th e  endolym phatic  (o t ic )  
d u c t ,  which ru n s  from th e  e n d o ly m p h -f i l le d  u t r i c u l u s  and 
s a c c u lu s  o f  t h e  membranous s e m ic i r c u l a r  c a n a ls  to  th e  
endo lym phatic  s a c ,  lodged  in  th e  s l i t - l i k e  p o s t e r i o r  
p o r t io n  o f  t h e  aqueduc tus  v e s t i b u l i  and p r o j e c t i n g  in  
beween two l a y e r s  of th e  dura  m a te r .
VESTIBULAR FENESTRA
synonyms: o v a l  window, f e n e s t r a  o v a l i s .
o v a l  a p e r tu r e  in  th e  l a t e r a l  w a ll  o f  th e  p e t r o s a l ,  a c ro ss  
which i s  p o s i t io n e d  th e  f o o t p l a t e  o f  th e  s t a p e s  and th e  
a n n u la r  l ig a m e n t .
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MORPHOLOGICAL DESCRIPTION: NIMRAVIDAE
The b e s t  p re se rv e d  and most p l e n t i f u l  n im ravid  
m a te r i a l  i n  North America i s  c u r r e n t l y  r e f e r r e d  to  th e  
genus D in j .c t i s —a m edium-sized c a t l i k e  c a rn iv o ra n  t h a t ,  
a l th o u g h  c l e a r l y  a n im ra v id ,  i s  in  some ways th e  l e a s t  
m od ified  o f  t h e  g ro u p . Although th e  d eg ree  of s a b e r to o th y  
was p e rh a p s  s l i g h t l y  g r e a t e r  in  D i n i c t i s  than  in  N im ravus. 
members o f  th e  l a t t e r  genus show s e v e ra l  f e a tu r e s  
a p p a r e n t ly  au tapom orphic  f o r  Nim ravus. We a re  f o r t u n a t e  
in  t h i s  c i r c u m s ta n c e ,  because  t h e  r e s u l t  i s  t h a t  t h e  
s e v e r a l  e x c e l l e n t  specim ens of D i n i c t i s  p rov ide  examples 
of c h a r a c t e r  s t a t e s  p e rhaps  d e r iv e d  f o r  th e  fam ily but 
p r i m i t i v e  w ith in  i t ,  and th u s  more l i k e l y  to  be 
t r a n s i t i o n a l  between th e  n im ra v id s  and t h e i r  c l o s e s t  
r e l a t i v e s .  ( I  am n o t  su g g e s t in g  t h a t  th e  p o s s e s s io n  of a 
c h a r a c t e r  s t a t e  by D i n i c t i s  i s  t h e r e f o r e  ev idence  t h a t  
t h a t  c h a r a c t e r  s t a t e  i s  p r i m i t i v e .  I  am on ly  o b se rv in g  
t h a t  D in ict i s  has many f e a t u r e s  t h a t  on o th e r  grounds I  
c o n s id e r  p r im i t iv e  a t  a f a i r l y  g e n e ra l  l e v e l  w ith in  t h i s  
a n a l y s i s . )
S in c e  D i n i c t i s  i s  known most c o m p le te ly ,  th e  
fo l lo w in g  d e s c r ip t io n  of i t s  b a s i c r a n i a l  morphology i s  t h e  
most d e t a i l e d  and most e x t e n s i v e .  The subsequen t 
d e s c r i p t i o n s  do n o t  r e p e a t  a l l  o f  th e  e x p la n a to ry  d e t a i l s  
when th o s e  would be r e p e t i t i v e  o f  th e  e x p la n a t io n s  a lre a d y
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prov ided  in  th e  d e s c r i p t i o n  o f  D i n i c t i s .
For each d e s c r i p t i o n ,  th e  m a t e r i a l  examined i s  
b r i e f l y  l i s t e d  a t  t h e  b e g in n in g ,  with th e  fo l lo w in g  
a n n o ta t i o n s :
1 = l e f t  e a r  re g io n  p re p a re d  and s tu d ie d  
r  = r i g h t  e a r  r e g io n  p re p a re d  and s tu d ie d  
i n t e r n a l  = i n t r a c r a n i a l  s u r f a c e s  were p rep a red  and 
s tu d ie d
On s e v e r a l  o f  th e  s k u l l s ,  bo th  e a r  r e g io n s  a r e  p r e s e n t  b u t  
o n ly  one s id e  has been a d e q u a te ly  p re p a re d .
DINICTIS
Based in  d e t a i l  on AMNH 455 (1) [ type o f D i n i c t i s  f e l i n a  
L e id y ] ,  AMNH 6937 (r) [ t y p e  o f D. c v c I o p s  C ope], AMNH 8777 
(1 6 r ) ,  F:AM 62034 {1 S r )  . F :AM 104823 (1 6 r)  , AMNH SD 
230-4152 (1, r  6 i n t e r n a l ) .  ANSP 12547 ( 1 ) ,  USNM 15889 
(1) , and YPM 20268 (1) .
Tvropanic F l o o r : Audit o ry  B u lla
E c to tv m pan ic . —The ec to ty m p a n ic  in  D in ic t i s  i s  a 
g e n t ly  curved p l a t e  o f  bone on th e  l a t e r a l  and 
a n t e r o l a t e r a l  s u r f a c e s  o f  th e  a u d i to r y  a r e a .  I t s  a n t e r i o r  
and p o s t e r i o r  c ru ra  a r e  e lo n g a te ,  bu t do n o t  meet 
d o r s a l l y ,  th u s  l e a v in g  a gap of th r e e  t o  f o u r  m i l l im e te r s
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j u s t  m edial t o  t h e  r o o f  o f  t h e  tym panic  n o tc h .  The p lane  
o f  th e  tym panic  r in g  i s  very  n e a r ly  v e r t i c a l  in  a d u l t s  
( e .g .  AMNH 6937 and **55), and o r i e n t e d  a p p ro x im a te ly  30 
d e g re e s  from th e  s a g i t t a l  p l a n e .  T h is  a p p e a rs  t o  be th e  
c a s e  even in  th o s e  spec im ens Hough (1953) s tu d ie d  (AMNH 
8777, 6937, and USNM 15889), c o n t r a r y  to  Hough*s 
d e s c r i p t i o n :  removal o f  a d d i t i o n a l  m a tr ix  from w i th in  t h e
e x t e r n a l  a u d i to r y  m eatus o f  each  re v e a le d  l a r g e  
a n t e r o l a t e r a l l y  f a c in g  m e a t i ,  f a c in g  a lm ost as f a r  
a n t e r i o r l y  as  d id  th e  e x t e r n a l  a u d i to r y  m eatus in  
Hoplophoneus .  S u badu lt  i n d iv i d u a l s  (F:AM 104823 and USNM 
15889) show th e  g r e a t e r  i n c l i n a t i o n  from th e  v e r t i c a l  
t y p i c a l  o f  th e  tym panic  r i n g  in  young c a rn iv c ra n s  
g e n e r a l l y .
The p lan e  d e f in e d  by th e  bony edge of t h e  e x te r n a l  
a u d i to r y  meatus i s  ro u g h ly  p a r a l l e l  w ith  th e  p lan e  d e fin ed  
by t h e  edge o f  t h e  c r i s t a  tym pan ica : th e  c r i s t a  i s  l i t t l e
produced i n t o  t h e  tym panic c a v i t y ,  even ly  e x te n d in g  
a p p ro x im a te ly  a m i l l im e te r  m e d ia l ly  from th e  main p l a t e  o f 
t h e  e c to ty m p a n ic .  T here  i s  th u s  no e x te n s io n  o f  t h e  
hypotympanic s in u s  i n t o  th e  o sseo u s  meatus v e n t r a l  to  th e  
c r i s t a  a s  i s  found in  u r s i d s  and o t a r i i d s .  A f a i r l y  
l a r g e ,  a lm ost com plete  c i r c l e  i s  formed by th e  c r i s t a  
ty m p a n ica ,  which e x te n d s  o n to  bo th  th e  a n t e r i o r  and 
p o s t e r i o r  c r u r a  o f  t h e  e c to ty m p a n ic .
I n s t e a d  o f  an o sse o u s  e x t e r n a l  a u d i t o r y  roeatal tu b e .
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t h e r e  i s  a l a r g e  o v a l  o sseou s  m eatus , w ider than  th e  
tym panic  no tch  i n  th e  squam osa l. Two of th e  above 
f e a t u r e s  i n  c o m b in a t io n —th e  o r i e n t a t i o n  o f  the  tym panic 
r i n g  and m ea tus , and th e  r e l a t i v e l y  l a r g e  s i z e  of th e  
m ea tu s—r e s u l t  i n  a p o s i t i o n i n g  o f  th e  a u d i t c r y  meatus 
m edial to  th e  p o s tg le n o id  p ro c e s s  a s  w e ll  a s  m edial to  th e  
tym panic n o tc h .  T h is  i s  a s u r p r i s i n g l y  a n t e r i o r  p o s i t io n  
f o r  t h e  tym panic r i n g .
The a n t e r i o r  c r u s  o f  th e  tym panic r in g  does n o t  fu s e  
w ith  th e  squam osal; i n s t e a d ,  i t  r e s t s  in  a sha llow  
d e p re s s io n  p o s te ro m e d ia l  and s l i g h t l y  d o r s a l  t o  t h e  
p o s tg le n o id  foram en. The end o f  th e  a n t e r i o r  c ru s  i s  
b ro ad en ed , w ith  a t h i c k ,  b lu n t  p r c c e s s u s  t u b a r i u s  
e x te n d in g  d c rso m e d ia l ly  along th e  a n t e r i o r  edge o f  the  
ep ity m p an ic  r e c e s s .
No c o rre sp o n d in g  b roaden ing  o f t h e  p o s t e r i o r  c ru s  i s  
s e e n .  In  th o s e  specim ens in  which th e  tympanic r i n g  i s  
com ple te  and t h i s  a re a  w e ll  p re se rv e d  (AMNH 6937 and F:AM 
10 4823), th e  p o s t e r i o r  c ru s  can be seen  t o  l i e  a lo n g  th e  
l a t e r a l  h a l f  o f  th e  hyoid  p ro c e ss  o f  th e  m asto id  ( th e  
fu sed  tym pano hya l) , r e s t i n g  in  a sha llow  c o n c a v i ty  in  th e  
a n t e r i o r  face  of th e  base  o f th e  m astoid  p r o c e s s .  In  on ly  
AMNH 6937 does th e  p o s t e r i o r  c ru s  appear t o  be both 
com plete  and i n  p l a c e .  In  AMNH 455, th e  d o r s a l  t i p  o f  th e  
p o s t e r i o r  c ru s  i s  broken o f f ,  and in  F:AM 104823, th e  
p o s t e r i o r  p a r t  o f  th e  ec to ty m p an ic  ap p ea rs  t o  be d is p la c e d
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v e n t r a l l y  and m e d ia l ly ,  w ith  th e  r e s u l t  in  bo th  c a s e s  t h a t  
t h e  sh a llow  c o n c a v i ty  in  t h e  squamosal i s  v i s i b l e *
The ec to tym p an ic  i s  m ed ia l ly  expanded a n t e r i o r l y ,  
s l i g h t l y  m ed ia l ly  expanded v e n t r a l l y ,  bu t n o t  a t  a l l  
expanded p o s t e r i o r l y .  In  D i n i c t i s  c y c I o d s  (AMNH 6937), in  
which th e  e c to ty m p a n ic  ap p ea rs  t o  be  c o m p le te ,  th e  v e n t r a l  
margin a t  i t s  p o s t e r i o r  end b e a r s  a ro u g h ly  pyram idal 
p r o c e s s ,  w ith  a roughened s u r f a c e  v e n tro m e d ia l ly .  This 
p o r t io n  o f  t h e  ec to ty m p an ic  i s  p o s i t io n e d  j u s t  a n t e r i o r  to  
t h e  p o in t  o f  a t ta c h m e n t  of th e  hyc id  a p p a r a tu s .  In  
c o n t r a s t ,  F:AM 10482 3 and AMNH 8777, which a l s o  ap p ea r  t o  
p o s s e s s  r e l a t i v e l y  com ple te  e c to ty m p a n ic s ,  d i s p la y  a 
s l i g h t  b roaden ing  of t h e  v e n t r a l  margin p o s t e r i o r l y ,  bu t a 
r e l a t i v e l y  smooth c u rv e  a n t e r i o r  to  t h e  p ro ce ssu s  
h y o id eu s ,  w ith o u t  t h e  v e n t r a l  e x te n s io n  seen  in  D. 
c y c lo p s .
Broadening o f  t h e  v e n t r a l  edge o f  th e  ec to ty m p an ic ,  
combined with e i t h e r  a r u g o s i ty  o f th e  e d g e ' s  s u r f a c e  
(AMNH 6937 and F:AM 104823) o r  a p i t t i n g  o r  c h an n e lin g  o f  
t h e  s u r f a c e  (AMNH 6937 and 8777) , a rg u e s  t h a t  th e  margin 
o f  th e  ec to ty m pan ic  r e p r e s e n t s  th e  l i m i t s  o f  o s s i f i c a t i o n  
of th e  bone in  th e s e  t h r e e  specim ens. T h is  margin i s  
e a s i l y  d i s t in g u i s h e d  from a broken e d g e ,  re sem b lin g  in  i t s  
shape and t e x t u r e  th e  edge of t h e  e c to ty m p a n ic  in  N andinia 
t h a t  a b u ts  th e  c a r t i l a g i n o u s  e n to ty m p an ic .  (N andinia 
d i f f e r s  in  t h a t  th e  a n t e r i o r  i n f l a t i o n  o f  t h e  ec to tym pan ic
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i s  g r e a t e r ,  re sem b lin g  th e  e th e r  a e l u r o i d s ,  and th e  d o rs a l  
edge o f  th e  en to ty m p an ic  margin i s  more produced i n t o  a 
sh a rp  f l a n g e ,  which may be i n t e r p r e t e d  a s  t h e  rem nant o f  
t h e  septum b u l l a e . )  Broadening o f  th e  v e n t r a l  margin i s  
g r e a t e s t  p o s t e r i o r l y ,  n e a r  th e  a t tac h m en t o f th e  hy c id  
a p p a r a tu s ,  and t a p e r s  a n t e r i o r l y .
Expansion o f  th e  e c to ty m p an ic  e x te n d s  a n te ro m e d ia l ly  
(bu t n o t  v e n t r a l l y  a s  in  a e l u r o i d s ) , w e ll  beyond t h e  
tym panic  r i n g ,  form ing th e  a n t e r o l a t e r a l  margin of th e  
b u l l a  and a bony tro u g h  f o r  th e  a u d i to ry  t u b e .  The 
v e n t r a l  edge o f  t h i s  a n t e r o l a t e r a l  w a ll  i s  e m a rg in a te ,  
e i t h e r  g r e a t ly  so  as  in  ANSP 12547, AMNH 6937 and 8777, o r  
w ith  a s n a i l ,  very  a n t e r i o r l y  p laced  n o tc h ,  as in  USNM 
15889 ( r i g h t  s i d e ) .  T h is  s e c t i o n  of th e  e c to ty m p an ic  i s  
very  l i t t l e  produced d o r s a l l y :  on ly  a narrow a n te r o d o r s a l
s h e l f  l i e s  a g a i n s t  t h e  ep ity m p an ic  wing o f  t h e  
a l i s p h e n o id .  In th e  most com plete  specim en, AMNH 6937, a 
p ro c e s s  o f  t h e  e c to ty m p an ic  e x te n d s  v e n t r a l l y ,  below the  
a n t e r i o r  end o f  th e  t ro u g h  f o r  t h e  a u d i to r y  tu b e .  The 
m edial s i d e  o f  th e  t ro u g h  in  AMNH 6937 i s  low and l i e s  
ap p re ssed  to  a l i p  o f  e n to ty m p an ic .  T h is  r e l a t i o n s h i p  i s  
d e s c r ib e d  in  more d e t a i l  below .
Hough's (1953: 103) s t a te m e n t  t h a t  th e  ec to tym pan ic  
in  USNM 15889 i s  i n  c o n ta c t  w ith  th e  b a s isp h e n o id  i s  
i n c o r r e c t ,  e x ce p t  p o s s ib ly  to  t h e  e x te n t  t h a t  t h e  a u d i to r y  
t u b e ,  were i t  p r e s e n t ,  would be o v e r l a in  by
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sp h e n o id — probab ly  a l i s p h e n c i d ,  however. Her in f e r e n c e  
t h a t  t h e  ec to ty m p an ic  p o r t io n  o f  th e  b u l l a  ex tended  to  t h e  
m edial s i d e  o f  t h e  a u d i t o r y  r e g io n  was p e rh a p s  based  on a 
m i s i n t e r p r e t a t i o n  of some m a tr ix  in  t h a t  specim en. In  no 
specim en of D i n i c t i s  t h a t  I  have s e e n ,  in c lu d in g  USNM 
15889, does t h e  ec to ty m p a n ic  ex tend  t o  th e  m edial margin 
o f  t h e  b u l l a .  I n s t e a d ,  in  th e  most com plete  specim en ,
AMNH 6937, th e  a n te ro m e d ia l  c o rn e r  of th e  e n to ty m p an ic  
e x te n d s  t o  th e  a n t e r i o r  margin o f  th e  b u l l a .  I n  USNM 
15889, a l th o u g h  th e  a n t e r i o r  p a r t s  o f th e  e n to ty m p an ic  a r e  
n o t  p r e s e n t ,  t h e  a n t e r i o r  ends o f  th e  m edial m arg ins o f 
th e  e c to ty m p a n ic s  ap p ea r  t o  be com plete  on bo th  s i d e s :  
th ey  a re  rough ly  th e  same s e m ic i r c u l a r  shape  a n t e r i o r l y ,  
and p o s t e r i o r l y  a r e  c l e a r l y  b roken . I  t h e r e f o r e  d o u b t  i f  
Hough saw bone e x te n d in g  t o  th e  b a s isp h e n o id  (I do n o t  
th in k  any has broken o f f  frcm t h i s  r e g io n  su b se q u e n t  to  
h e r  s t u d y ) , b u t  th in k  r a t h e r  t h a t  she m istook  s h e l la c k e d  
m a tr ix  in  t h a t  r e g io n  f o r  bone. C e r ta in ly  ANSP 12547 
a p p e a rs  t o  have a com plete  a n t e r i o r  h a l f  o f  th e  l e f t  
e c to ty m p a n ic ,  and a g a in ,  t h e r e  i s  no i n d i c a t i o n  t h a t  th e  
ec to ty m p a n ic  a b u t te d  th e  b a s isp h e n o id  m e d ia l ly .  I n s t e a d  
th e  m edial w a ll  (a t  l e a s t  d o r s a l ly )  o f  th e  c a n a l i s  
m u sc u lo tu b a r iu s  would have been formed by e n to ty m p a n ic .
No c l e a r  s ty l i f o r r o  p ro c e s s  i s  u s u a l ly  p r e s e n t ,  u n le s s  
t h e  broken a n t e r i o r  end of th e  e c to ty m p an ic  in  AMNH 877? 
b o re  one; th e  v e n t r a l l y  d i r e c te d  p ro c e ss  from th e  bottom
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of th e  a u d i to r y  tu b e  in  AMNH 6937 i s  i n  th e  r i g h t  p o s i t i o n  
b u t  t h e  wrong o r i e n t a t i o n  t c  be e q u iv a le n t  t o  th e  
s ty l i f o r m  p ro c e ss  of modern c a r n i v o r a n s .  In  ANSP 125U7, 
however, th e  s e m ic i r c u l a r  s h i e l d l i k e  p o r t io n  i s  bounded 
a n t e r i o r l y  by a l a r g e  e m a rg in a t io n  on th e  m edial e d g e ,  
w ith  smooth ed g es ;  t h e  a n t e r i o r  limb o f  th e  bone around 
t h i s  e m a rg in a t io n  p r o j e c t s  a n te r o m e a ia l ly  and somewhat 
v e n t r a l l y  i n  a lo n g , t h i n  p o in ted  p ro c e s s  v e n t r a l  t o  th e  
p a ssa g e  f o r  t h e  c a r t i l a g e  of t h e  a u d i to r y  tu b e .  L ik e  t h e  
ham ular p ro c e s s e s  of th e  p t e r y g o id ,  a long t h i n  s t y l i f o r m  
p ro c e s s  o f  t h i s  s o r t  would f r e q u e n t ly  be broken o f f .
E n to tym pan ic . —O s s i f i e d  p o r t io n s  o f  en tc ty m p a n ic s  a r e  
p r e s e n t  in  numerous sp ec im ens . In  no specimen of D i n i c t i s
found to  d a te  (and known t o  me) i s  a com plete  and f u l l y
o s s i f i e d  b u l la  p r e s e n t .
Hough (1953: 105) i n t e r p r e t e d  a supposed  c a s t  o f t h e  
i n t e r i o r  o f th e  b u l l a  in  AMNH 6937 to  be ev id en ce  t h a t  t h e  
b u l l a  was o r i g i n a l l y  com p le te ly  o s s i f i e d .  . (Ihe c a ta lo g u e  
number g iven  in  h e r  p u b l i c a t io n  i s  AMNH 6930, bu t  t h i s
number i s  t h a t  o f  a specim en .of Nim rav u s: sh e  d id  say  h e re
t h a t  she was r e f e r r i n g  t o  th e  ty p e  of D i n i c t i s  c v c l o c s . 
which i s  AMNH 6937 and does have th e  most com plete  b u l la  I  
have y e t  observed  in  any n o n - b a r b c u r o fe l in e  n im rav id .)  A 
com ple te  c a s t  o f  th e  tympanic c a v i ty  was n o t  o b se rv ed  in  
AMNH 6937 p r i o r  to  i t s  p r e p a r a t i o n  f o r  t h i s  s tu d y :  m a tr ix
f i l l e d  th e  e a r  r e g io n  to  th e  l e v e l  of th e  rem ain ing
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e n to ty m p an ic ,  bu t was le v e le d  o f f  and d id  n o t  p r e s e n t  th e  
a p p ea ran ce  o f  a c a s t ,  nor was t h e r e  any s ig n  of 
p r e p a r a t io n  a t te m p ts  p r i o r  to  o u r p r e p a r a t i o n .  Even i f  a 
rounded c a s t  h as  been p re se rv e d  in  some specim en, ' i t  cou ld  
be e q u a l ly  c o n v in c in g ly  i n t e r p r e t e d  a s  ev id en ce  t h a t  th e  
f l o o r  was c a r t i l a g i n o u s  s in c e  th e  re g io n  f i l l e d  w ith  
m a tr ix  b u t  th e  e n t i r e  f l o o r  i s  n ever  p re s e rv e d .  In  the 
l e f t  a u d i to ry  reg io n  o f  ANSP 12547, f o r  exam ple, much o f  
t h e  rem ain ing  m atr ix  a p p ea rs  to  r e t a i n  t h e  shape o f  the  
b u l l a ,  a l th o u g h  s e c t i o n s  o f  th e  c a s t  have e v id e n t ly  been 
removed by p r e p a r a t io n  a t  seme t im e .  In  th e  v e n t r a l  
s u r f a c e  o f  th e  rem ain ing  p a r t  o f  th e  c a s t ,  t h e r e  a r e  no 
t r a c e s  o f  bone p re s e rv e d .
Hough (1953: 103) i n f e r r e d  t h a t  " th e  b u l la  in  
D i n i c t i s  must have been very  l a r g e  and w e ll  i n f l a t e d . "
The same th r e e  specim ens t h a t  she  exam ined, AMNH 8777, 
6937, and USNM 15889, ap p ea r  to  me to  p r e s e n t  a s l i g h t l y  
d i f f e r e n t  c o n d i t io n ,  even when compared to  Ca n is  a s  she 
d i d .  The n e a r ly  v e r t i c a l  an g le  o f  th e  ec to ty m pan ic  and 
en to tym pan ic  d e m o n s tra te s  indeed th a t  th e  b u l la  was not 
f l a t t e n e d ,  but r a t h e r  was i n f l a t e d  v e n t r a l l y .  However, 
g iven  a normal amount o f  v e n t r a l  e x t e n t ,  I  wculd n o t  c a l l  
t h e  b u l l a e  p a r t i c u l a r l y  l a r g e  r e l a t i v e  t o  t h e  o v e r a l l  s i z e  
o f  th e  b a s ic ra n iu m , e s p e c i a l l y  when one c o n s id e r s  t h a t  i t  
does no t in  a se n se  " f i l l "  th e  a v a i l a b l e  s p a c e .  Compared 
w ith  th e  b u l la  in  C anis  l a t r a n s ,  th e  fo l lo w in g  d i f f e r e n c e s
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i n  e x te n t  become a p p a r e n t :  th e  ec to tym p an ic  in  Dini c t i s
i s  n o t  pushed up a g a i n s t  th e  p o s tg le n o id  p ro c e s s  o r  
p o s t e r i o r  fa c e  o f  th e  squam osal. M ed ia lly  th e  
b a s i o c c i p i t a l  i s  in deed  com pressed , b u t  t h e  p e t r o s a l  
ex te n d s  m ed ia l ly  and somewhat v e n t r a l l y  (a lthough  n e t  
n e a r ly  t o  th e  e x te n t  seen  in  many a e lu r o id s )  and t h e  
m edial p a r t  o f  th e  en to tym pan ic  i s  t h i c k  so  th e  tym panic 
c a v i ty  i s  f u r t h e r  r e s t r i c t e d .  P o s t e r o l a t e r a l l y , t h e  b u l la  
i s  f a r  from t h e  edge of th e  s k u l l  (c o n tr a  Hough, 1953:
10 3 ) .  I n s t e a d  th e r e  i s  a broad s h e l f  o r  c r e s t  u n i t i n g  th e  
p a r o c c i p i t a l  and m asto id  p ro c e s s e s  (much l i k e  t h a t  seen in  
m u s te l i d s ) ,  so  t h a t  t h e  s k u l l  ex te n d s  l a t e r a l l y  w e l l  
beyond th e  b u l l a e .  The tympanic c a v i ty  e x te n d s  on ly  
s l i g h t l y ,  i f  a t  a l l ,  p o s t e r i o r  t o  th e  promontcrium.
A l l  p re se rv e d  en to ty m p an ics  d i s p la y  a v e ry  unusua l 
c o n d i t i o n :  th e y  a re  th i c k  s t r u c t u r e s  th ro u g h o u t ,  t a p e r in g
t o  a t h i n  edge on ly  a t  t h e i r  d o r s a l  e d g e s ,  which l i e  
a g a i n s t  th e  p rom ontorium . Eoth d o r s a l  and v e n t r a l  
s u r f a c e s  o f  en to tym pan ic  a re  p a p e r - th in  l a y e r s  of bone 
( e . g . ,  l e f t  s i d e  o f  F:AM 62034), e a s i l y  damaged in  
p r e p a r a t io n  and f r e q u e n t ly  bad ly  gouged in  h a s t i l y  
p rep a red  specim ens. Sandwiched between t h e s e  two t h i n  
l a y e r s  i s  a much t h i c k e r  l a y e r  o f  c a n c e l lo u s  bone, 
i r r e g u l a r l y  honeycombed. Broken v e n t r a l  edges  of th e  
en to tym pan ics  in  AMNH 6937, 455, F:AM 62034, and 
e s p e c i a l l y  YPM 20266 show t h i s  s t r u c t u r e  c l e a r l y  in  c ro ss
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s e c t i o n .  F:AM 104823 p r e s e n t s ,  in  c o n t r a s t ,  en to ty m p an ics  
w ith  unbroken v e n t r a l  m arg in s :  th ey  a r e  a smooth t r o u g h ,
a s  shewn in  F ig u re  2 8 .  (In none o f  t h e s e  specim ens did a 
broken edge o f  ec to ty m p an ic  d i s p l a y  t h i s  c a n c e l lo u s  
i n t e r i o r  and t h i n  s u r f a c e  s k in  o f  bone; a l l  ec to ty m p an ic s  
appeared  to  be n o rm al,  s o l i d  bone .)
A lthough th e  en to ty m pan ic  i s  c l e a r l y  in c o m p le te  in  
most specim ens ( e .g .  F:AM 6 2034 and AMNH 455) and 
som etim es , a lth o u g h  v e ry  n e a r ly  c o m p le te ,  o b v io u s ly  
d i s p la c e d  from i t s  n a t u r a l  p o s i t i o n  ( e . g .  F:AM 104823), in  
ve ry  r a r e  specim ens t h e  en to tym p an ic  i s  not cn ly  in  s i t u  
b u t ,  by i t s  r e l a t i o n s h i p s  w ith  th e  e c to ty m p a n ic ,  p r e s e n t s  
t h e  ap pea rance  o f  be in g  th e  com plete  e x t e n t  o f th e  
o s s i f i e d  p o r t io n  o f t h a t  e le m e n t ,  a n t e r i o r l y  and 
p o s t e r i o r l y  ( e . g .  AMNH 6937 ( r ) ) ,  and even a t  th e  v e n t r a l  
edges  ( e .g .  AMNH 104823). H ere , o s s i f i e d  en to tym pan ic  i s  
p r e s e n t  i n  a com plete  s e m ic i r c l e  from th e  p o s t e r o l a t e r a l  
q u a d ra t  t o  th e  a n te ro m e d ia l  c o rn e r  of th e  a u d i to r y  r e g io n .  
I t s  d o r s a l  margin o v e r la p s  a sm a l l  margin o f  th e  
promontorium p o s t e r i o r l y  and p o s t e r o m e d ia l ly , j u s t  abu ts  
t h e  p e t r o s a l  i n  th e  m iddle  of i t s  m edial m arg in , and 
e x te n d s  l a t e r a l l y  to  o v e r la p  a sm a ll  m argin o f th e  
promontorium ag a in  a n te r o m e d ia l ly . The expanded, s h a l lo w ,  
d ish - sh a p e d  a n t e r i o r  p o r t io n  i s  o v e r l a in  by th e  
ep ity m p an ic  wing o f  t h e  a l i s p h e n o id .
In  AMNH 6937, t h e  a n t e r i o r  margin o f  t h e  en to tym pan ic
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i s  o s s i f i e d  v e n t r a l l y  t o  t h e  l e v e l  o f  th e  p r o j e c t i o n  from 
t h e  e c to ty m p an ic  tro u g h  f o r  t h e  a u d i to ry  t u b e .  T h is  p a r t  
o f  th e  en to tym pan ic  c u rv e s  p o s t e r c l a t e r a l l y  to  end in  a 
f i n i s h e d  edge p r o j e c t i n g  i n t o  th e  a n t e r i o r  h a l f  o f  th e  
tym panic  c a v i t y  and form ing  a c u rv e  c o n t in u o u s  v e n t r a l l y  
w ith  th e  v e n t r a l  edge o f t h e  e c to ty m p a n ic .  From t h e  
m edia l s i d e ,  t h i s  w a l l  a p p ea rs  somewhat l i k e  th e  p a r t i a l  
septum in  c a n i d s ,  as  emphasized by Brunet (1967).
However, t h i s  r id g e  does d i f f e r  from th e  lo n g e r  septum in  
C a n is : a l th o u g h  th e  p o r t io n  o f th e  tym panic  c a v i ty  on th e
m edia l s i d e  o f  t h i s  r i d g e  (w alled  by th e  i n f l a t e d  
en to tym pan ic)  i s  l a r g e ,  th e  tym panic  c a v i ty  e x te n d s  l i t t l e  
i f  a t  a l l  p a s t  th e  r i d g e  on th e  l a t e r a l  s i d e .  I n s t e a d  t h e  
w e ll  d e f in e d  o sseo u s  channe l in  th e  e c to ty m p a n ic  f o r  th e  
a u d i to r y  tu b e  beg ins im m ed ia te ly ,  so  t h a t  t h e  en to ty m pan ic  
w a ll  a c t u a l l y  r e p r e s e n t s  a d o r s a l  s e p a r a t io n  between th e  
tym panic c a v i ty  and t h e  a u d i to r y  tu b e .
AMNH 6937 (F ig u re  29) shows c l e a r l y  th e  d e t a i l s  o f 
th e  r e l a t i o n s h i p  between t h e  a n t e r i o r  ends o f  th e  
ec to ty m p an ic  and e n to ty m p an ic ,  summarized in  th e  d iagram s 
in  F ig u re  30 . A th ic k e n in g  and l a t e r a l  ex pansio n  o f  th e  
en to tym pan ic  f i t s  i n t o  th e  e m a rg in a t io n  o f  th e  
ec to ty m p a n ic  a t  th e  v e n t r a l  end o f  th e  a n t e r o l a t e r a l  
en to tym pan ic  w a l l .  No f u s io n  o r  i n t e r f i n g e r i n g  a t  th e  
e c to ty m p a n ic /e n to ty m p a n ic  c o n ta c t  i s  v i s i b l e ,  l e a v in g  th e  
l i n e  o f  d em arca tion  between th e  two e le m e n ts  very
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d i s t i n c t .
The q u e s t io n  o f  t h e  p re s e n c e  o f  a septum in  t h e  
a u d i t o r y •b u l la  o f  any n im rav id  i s  an im p o r ta n t  one because 
o f  th e  em phasis  p laced  on s e p ta  i n  p h y lo g e n e t ic  h y p o th eses  
f o r  th e  C a rn iv o ra .  As d e s c r ib e d  above, th e  a n t e r i o r  
m argin o f  th e  en to tym pan ic  c u rv e s  inward in  a f a s h io n  
f a i n t l y  re sem b lin g  th e  l a r g e r  p a r t i a l  septum of c a n id s ,  
b u t  w ith o u t  th e  accompanying i n f l a t i o n  o f t h e  a d ja c e n t  
e c to ty m p a n ic  p o r t io n  o f th e  b u l l a .  T h is  c o n d i t io n  in  no 
way m atches S c o t t* s  (1889: 214) a s s e r t i o n  t h a t  th e  b u l la e  
were “a lm o s t  c e r t a i n l y  d iv id e d  by an i n t e r n a l  septum i n to  
two chambers**; th e  r e s t  o f  h i s  d i s c u s s io n  ( i b i d . ,  p .  214) 
makes i t  c l e a r  t h a t  he d id  no t a c t u a l l y  obse rve  a septum , 
no r  any d i r e c t  e v id e n c e  f o r  one .
The c a n a l  f o r  t h e  p te ry g o id  nerve  i s  v e ry  d i s t i n c t  in  
t h e  spheno id  r o o f  a t  t h e  a n t e r i o r  end o f  and m edial to  th e  
c a n a l i s  m u sc u io tu b a r iu s .  I t  a p p e a rs  t o  come from a sm all 
foramen between th e  squam osal (or sp h en o id — th e  p o s i t i o n  
o f  th e  s u t u r e  i s  n o t  e v id e n t)  and th e  p e t r o s a l  a t  t h e  
.an te rom edia1-m ost c o rn e r  o f  th e  f c s s a  m u sc u la r is  m ajo r .  
Although i t  i s  very  d i f f i c u l t  t o  see  f a r  i n t o  th e  c a n a l i s  
m u sc u io tu b a r iu s ,  t h e r e  a p p e a rs  t o  be a s m a l l ,  
m a t r i x - f i l l e d  a p e r t u r e ,  l o c a te d  between th e  en to tym panic  
septum and th e  ec to ty m p a n ic  r i d g e  on th e  l a t e r a l  s i d e  o f 
t h e  c a n a l i s  m u s c u io tu b a r iu s .  T h is  I  t a k e  t o  be t h e  
v e n t r a l  open ing  f o r  an a n a s to m o tic  ramus from th e
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ascen d in g  pharyngeal a r t e r y ,  o r fo r  w hatever  t r a v e le d  
a lo n g  t h a t  ch an n e l i n  th e  b as isp h e n o id  b en ea th  th e  
a n t e r i o r  p o r t io n  o f  t h e  en to tym p an ic ,  p a r a l l e l i n g  th e  
c a n a l i s  m u sc u io tu b a r iu s .
V ariou s  c r o s s  s e c t i o n s  of th e  m edia l s e c t io n  o f  th e  
en to tym pan ic  ( e s p e c i a l l y  F:AM 104823) dem o n s tra te  th e  
absence  o f  any g roo ves  o r  c a n a ls  p o s t e r i o r  t o  th e  i n t e r n a l  
c a r o t i d  foramen f o r  a m ed ia l ly  p laced  i n t e r n a l  c a r o t id  
a r t e r y .
P o s t e r i o r l y ,  th e  en to tym pan ic  c u rv e s  a rcund  th e  w all  
o f  th e  e x c a v a t io n  f o r  th e  a u d i to r y  cham ber, ly in g  a g a in s t  
f a c e t s  on th e  b a s i o c c i p i t a l ,  e x o c c i p i t a l ,  and m asto id  
e le m e n ts ,  and m eeting  th e  ec to tym pan ic  a n te rc m e d ia l ly  to  
t h e  f a c i a l  c a n a l .  I n  AMNH 6937 and YPM 20268, th e  
en to ty m pan ic  a p p ea rs  to  form th e  m edial and p o s t e r io r  
m arg ins o f  th e  s ty lo m a s to id  foram en, w h ile  th e  mastoid 
forms th e  l a t e r a l  m arg in , and th e  p ro c e s s u s  hyoideus forms 
th e  a n t e r i o r  m arg in . However, i n  AMNH 455, F:AM 62034 and 
104823, i n  which th e  p o s t e r o l a t e r a l  p o r t i o n  of th e  
en to tym pan ic  i s  a b s e n t ,  a d i s t i n c t  c a u d a l  p ro c e ss  o f  th e  
p e t r o s a l  i s  e v id e n t ,  ex ten d in g  to  and f u s in g  with t h e  b ase  
o f  th e  m astoid  p ro c e s s  in  th e  p o s t e r i o r  w a ll  o f th e  f a c i a l  
s u lc u s  ( le a v in g  a foramen f o r  t h e  a u r i c u l a r  branch of th e  
vagus n e rv e ,  e s p e c i a l l y  c l e a r  i n  AMNH 4 5 5 ) .  The cauda l 
p ro c e s s  o f  th e  p e t r o s a l  a l s o  p r o j e c t s  a n t e r i o r l y ,  form ing 
p a r t  o f  a m edial w a ll  to  th e  f a c i a l  s u l c u s ,  very  n e a r ly
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c o n ta c t in g  th e  p ro c e s s u s  hyo ideus  and th u s  form ing a 
n e a r ly  c lo sed  c an a l  f o r  th e  f a c i a l  n e rv e .  The p ro c e ss  i s  
f l a t t e n e d  v e n t r a l l y ,  in  c o n t i n u i ty  w ith  t h e  p o s t e r i o r  
s h e l f  on th e  p e t r o s a l ,  a s  i f  i t  were u n d e r l a in  c lo s e ly  by 
t h e  d o r s a l  l i p  o f  t h e  en to ty m p an ic .  R e-exam ination  a t  
t h i s  p o in t  of AMNH 6937 opens t h e  p o s s i b i l i t y  t h a t  th e  
en to tym pan ic  p re s e n t  in  th e  p o s t e r o l a t e r a l  c o rn e r  i s  ly in g  
a p p re ssed  to  th e  c au d a l  p ro c e ss  o f  th e  p e t r o s a l  (which i s  
th u s  j u s t  b a re ly  v i s i b l e  v e n t r a l l y )  and i t  i s  th e  l a t t e r  
t h a t  forms th e  m edia l and p o s t e r i o r  m arg ins o f  th e  v e n t r a l  
end o f  t h e  f a c i a l  c a n a l .  Of c o u r s e ,  more o s s i f i e d  
en to tym pan ic  may have been p r e s e n t  in  l i f e  v e n t r a l  t c  t h a t  
observed  now, so t h a t  t h e  foramen sty lom astc ideum  
d e f in i t iv u m  was p robab ly  bounded a t  l e a s t  in  p a r t  by 
en to ty m p an ic .
I  i n i t i a l l y  i n t e r p r e t e d  th e  p o s i t io n  o f  th e  
en to tym pan ics  on bo th  s i d e s  o f  F:AM 104823 a s  being  the 
r e s u l t  o f  d is p la c e m e n t ,  a l th o u g h  they  a l s o  appear  t o  be 
somewhat l e s s  i n f l a t e d  in  t h i s  j u v e n i l e  o r  young a d u l t  
th an  in  th e  f u l l y  a d u l t  AMNH 6937. I t  i s  o f  n o te ,  
however, t h a t  th e  o th e r  specim en in  which t h e  en to tym pan ic  
i s  some d i s t a n c e  from th e  b a s i o c c i p i t a l  f i a n c e  in s t e a d  o f  
be ing  ap p re ssed  to  i t  i s  a j u v e n i l e  Nimravus (F:AM 99259). 
Two p o s s i b i l i t i e s  a r e  su g g e s te d :  e i t h e r  t h e  en to tym panic
was l e s s  f i rm ly  anchored  in  j u v e n i l e s  and t h e r e f o r e  e a s i l y  
d i s p la c e d  away from t h e  b a s i o c c i p i t a l  w a ll  d u r in g
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p r e s e r v a t i o n  ( th e  s i m i l a r i t y  in  th e  d isp la c e m e n t  i n  th e se  
two specim ens being  more o r  l e s s  c o in c id e n t a l )  o r  th e  
observed  gap r e p r e s e n t s  th e  o r i g i n a l  c o n d i t io n  and was 
c lo s e d  in  th e  co u rse  o f  ontogeny by c o n t in u e d  i n f l a t i o n  o f  
t h e  en to tym p an ic  p a r t  o f  th e  b u l l a .
F a c e t s  on th e  bones  form ing th e  p o s t e r i o r  margin o f  
t h e  a u d i to r y  c a v i ty  a r e  c l e a r l y  v i s i b l e  in  a l l  specim ens, 
i n d i c a t i n g  th e  e x te n t  o f th e  e n to ty m p a n ic .  In  only AMNH 
69 37 i s  th e  en to ty m p an ic  com plete  enough p o s t e r o l a t e r a l l y  
to  d i s p l a y  a w e l l - d e f in e d  p o s t e r i o r  c a r o t i d  foramen 
th ro u g h  th e  p o s t e r i o r  w a ll  of th e  e n to ty m p a n ic .  T h is  
foramen i s  p o s i t io n e d  g u i t e  l a t e r a l l y ,  very  n e a r ly  to  th e  
l e v e l  o f  th e  a p e r t u r e  of th e  c o c h le a r  f o s s u l a ,  and d o rs a l  
to  th e  v e n t r a l  margin o f  th e  e x o c c i p i t a l ,  a lm o s t  a s  f a r  
d o r s a l  a s  th e  bottom o f  th e  prom ontorium . On th e  l e f t  
s i d e  o f  FsAM 10U823, a groove a c r o s s  th e  p o s t e r i o r  w all o f  
t h e  en to tym pan ic  may r e p r e s e n t  t h e  r o o f  o f  th e  p o s t e r io r  
c a r o t i d  foramen in  t h i s  specim en.
Tympanic Roof
The a u d i to ry  re g io n  o f  D i n i c t i s  i s  m od era te ly  deeply  
e x c a v a te d :  t h e  v e n t r a l - m o s t  edges  of th e  b a s i o c c i p i t a l ,
b a s i s p h e n o id ,  squam osa l, and m asto id  a l l  ex ten d  q u i t e  f a r  
below th e  d o r s a l  ro o f  o f  th e  tym panic c a v i t y .  Hough 
(1953: 103) s t a t e d  t h a t  “th e  a u d i to r y  c a v i ty  p ro p er  i s  
sh a l lo w ,  a s  i s  u su a l  in  d i n i c t i d s ,  and in  c o n t r a s t  to
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Hoplophoneusw. While i t  i s  t r u e  t h a t  th e  a u d i to ry  reg io n  
in  Hoplophoneus  i s  even deeper r e l a t i v e  t o  i t s  l e n g th  and 
w id th ,  t h e  a u d i to r y  c a v i ty  of D i n i c t i s  i s  in  f a c t  deeper  
th a n  i s  u su a l  f o r  c a r n iv o r a n s .
P e t r o s a l . —The m odera te ly  l a r g e ,  rounded promontorium 
i s  f la n k e d  by a s h e l f  p o s t e r i o r l y  which o v e r l i e s  th e  
en to ty m p an ic ,  and l a t e r a l l y  and a n t e r i o r l y  by th e  tegmen 
tympani and th e  ep ity m p an ic  wing o f  t h e  p e t r o s a l .  As can 
be seen  i n  F ig u re  31, t h e  p e t r o s a l  has a b road c o n ta c t  
p o s te ro m e d ia l ly  with th e  b a s i o c c i p i t a l ,  and p o s t e r io r l y  
and p o s t e r o l a t e r a l l y  w ith  th e  e x o c c i p i t a l  and m a s to id .
The m argin of th e  p o s t e r i o r  s h e l f  i s  no tched  by th e  
p o s t e r i o r  l a c e r a t e  fo ram en , and in  most specim ens i s  
i n c i s e d  by a d e ep e r  n o tc h ,  presumably f o r  t h e  tym panic 
n e rv e .  A l a t e r a l  p o r t io n  o f  th e  c a u d a l  p ro c e s s  o f  th e  
p e t r o s a l  i s  p r e s e n t ,  p o s t e r i o r  and m edia l t o  th e  f a c i a l  
c a n a l .  T h is  p ro c e ss  ex ten d s  v e n t r a l l y  a n t e r i o r  t o  th e  
l a t e r a l - m o s t  e x te n s io n  o f  th e  e n to ty m p an ic ,  between the  
en to tym pan ic  and th e  m as to id .  T hus, between th e  p e t r o s a l  
and th e  m as to id ,  t h e  p ro c e ss  form s a b r id g e  o r  t r a n s v e r s e  
w a l l ,  t h e  p o s t e r i o r  w a ll  o f  t h e  f a c i a l  s u l c u s  a s  i t  tu rn s  
v e n t r a l l y  t o  c o u rs e  a lo n g  th e  median f a c e  o f  th e  m a s to id .  
However, t h e  w a l l  formed by th e  cau d a l  p ro c e s s  of th e  
p e t r o s a l  i s  more d e ep ly  ex cava ted  th an  a p p e a rs  n e ce ssa ry  
f o r  th e  f a c i a l  nerve  a lo n e ,  e s p e c i a l l y  in  AMNH 455 and 
F:AM 62034: t h e  f o s s a  im m edia te ly  l a t e r a l  t o  th e  a p e r tu r e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 221
of th e  c o c h le a r  f o s s u l a ,  and p o s te ro m e d ia l  t o  th e  f a c i a l  
s u lc u s  may be th e  fo s s a  m u sc u la r is  m inor, t h e  s i t e  of 
i n s e r t i o n  o f  th e  s t a p e d iu s  m usc le .
The a p e r tu r e  o f th e  c o c h le a r  f o s s u la  i s  d i r e c te d  
p o s t e r o l a t e r a l l y  and somewhat v e n t r a l l y .  There i s  a 
pronounced bu lge  in  t h e  promontorium v e n t r a l  to  t h e  
a p e r t u r e ,  a c c e n tu a te d  by a sha llow  d e p re s s io n  o r  c h a n n e l ,  
on th e  p o s t e r i o r  s i d e  o f  th e  prom ontorium , e x te n d in g  
m ed ia l ly  from th e  m edial margin o f  th e  a p e r tu r e  o f th e  
c o c h le a r  f o s s u l a .  I n  c o n t r a s t  t o  Hough’s im p l i c a t io n  t h a t  
t h e  p o s i t i o n  o f  th e  c o c h le a r  f o s s u la  i s  odd in  D i n i c t i s  
(and has a s p e c i a l  s i m i l a r i t y  th e re b y  to  D aphoenus), I  
have found th e  p o s i t i o n  in  D i n i c t i s  t o  be t h e  t y p i c a l  
p o s i t i o n  o f  t h e  c o c h le a r  f o s s u la  in  a l l  c a rn iv o ra n s  
exam ined.
One o r  two sm a ll  grooves a r e  f r e q u e n t ly  p r e s e n t  on 
th e  l a t e r a l  h a l f  o f  th e  promontorium, o r i e n t e d  rough ly  
a n t e r o p o s t e r i o r l y  ( l o n g i t u d i n a l l y ) .
A l a r g e  and w e ll  d e f in e d  f a c i a l  s u lc u s  c o u rse s  a c ro s s  
t h e  v e n t r a l  s u r f a c e  o f  th e  tegmen tym pan i, j u s t  l a t e r a l  t o  
th e  a p e r tu r e  o f  t h e  c o c h le a r  f o s s u l a ,  and a n t e r i o r l y ,  
l a t e r a l  t o  th e  a n t e r o l a t e r a l l y  d i r e c t e d  v e s t i b u l a r  
f e n e s t r a .  D orsal to  th e  v e s t i b u l a r  f e n e s t r a ,  th e  channe l 
t u r n s  m ediad. I t s  sub seq u en t c o u rs e  shows v a r i a t i o n  in  
th e  d eg ree  to  which i t  i s  f lo o r e d  a s  w e l l  a s  roofed  by 
p e t r o s a l .  The t y p i c a l  mammalian c o n d i t io n  may be seen  in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 222
AMNH 455: th e  s u lc u s  i s  c o n f lu e n t  w ith  a foramen i n  th e
ep ity m p an ic  wing o f  t h e  p e t r o s a l  d i r e c t l y  a n t e r o d o r s a l  t o  
th e  v e s t i b u l a r  f e n e s t r a .  In  o t h e r  spec im ens , th e  s u lc u s  
i s  open v e n t r a l l y  f o r  a lo n g e r  e x te n t  m e d ia l ly .  F:AK 
62034, f o r  exam ple, e x h i b i t s  an open groove along n e a r ly  
th e  e n t i r e  a n t e r o d o r s a l  margin o f  th e  promontorium, 
t e r m in a t in g  in  a f a c i a l  foramen p o s i t io n e d  n e a r  th e  m edial 
edge o f  t h e  e p ity m p an ic  wing o f th e  p e t r o s a l .  F:AM 10U823 
d i s p l a y s  an in te r m e d ia t e  c o n d i t i o n :  a b r id g e  o f  bone i s
p r e s e n t  form ing a foramen in  th e  a p p r o p r ia te  p o s i t i o n ,  bu t  
t h e  ch an n e l opens  a g a in  v e n t r a l l y  im m e d ia te ly ,  so t h a t  an 
open groove i s  p r e s e n t ,  and th e  f i n a l  foramen i s  a g a in  
more m e d ia l ly  p la c e d .
The p e t r o s a l  e x te n d s  in  an ep itym pan ic  wing 
r o s t r a l l y ,  m eeting  t h e  e p ity m p an ic  wings o f the  squam osal 
and a l i s p h e n o id  and th u s  l a r g e l y  o b l i t e r a t i n g  th e  p i r i f o r m  
f e n e s t r a .  Excavated w i th in  t h i s  ep itym pan ic  wing o f  th e  
p e t r o s a l  i s  a w e ll  d e f in e d  fo s s a  m u sc u la r is  major f o r  th e  
t e n s o r  tympani m usc le . In  some specim ens ( e .g .  AMNH 455 
and F:AM 104823), th e  a n t e r o l a t e r a l  b o rd e r  o f  t h i s  fo ssa  
i s  w ell  d e f in e d  by a sh a rp  r id g e  o r s h e l f  o f  bone; in  
o t h e r s  t h i s  i s  l e s s  w e l l  developed  or not p r e s e r v e d .  On 
th e  r id g e  o f  bone between th e  fo s s a  m u s c u la r is  m ajor and 
th e  ep ity m p an ic  r e c e s s ,  a n t e r i o r  to  t h e  f a c i a l  foram en, 
t h e r e  o c c a s io n a l ly  i s  v i s i b l e  a very  sm a ll  foramen opening 
d o r s a l ly  i n t o  th e  ep ity m pan ic  wing of th e  p e t r o s a l .
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The ep itym pan ic  r e c e s s  i s  a b o u t  th e  same s i z e  a s  th e  
f o s s a  m u sc u la r is  m a jo r ,  p o s i t io n e d  l a t e r a l  t o  i t ,  and 
ro o fed  by both  t h e  ep ity m p an ic  wing o f  th e  p e t r o s a l  and 
t h e  squam osa l. The s u t u r e  between th e s e  two e lem en ts  i s  
c l e a r l y  e v id e n t .  In  very  w ell  c le a n e d  specim ens m is s in g  
enough o f  th e  ec to ty m p an ic  to  p e rm it  an u n o b s t ru c te d  view 
o f  th e  ep ity m p an ic  r e c e s s  (AMNH 455 and F:AM 62034) , t h e r e  
i s  a sm a ll  foramen on th e  s u t u r e  o r  j u s t  v e n t r a l  t o  i t  in  
t h e  squam osa l. Although th e  foramen a p p e a rs  to  be 
d i r e c t e d  p o s te ro m e d ia l ly  in  F:AM 62034, i t s  s i z e  and 
p o s i t i o n  a re  o th e rw is e  a p p ro p r i a te  f o r  a s u p e r io r  ramus o f  
a s t a p e d i a l  a r t e r y  (see  be low ). A second ary  sm a ll  pocket 
i s  deep ly  ex cav a ted  i n  th e  p e t r o s a l  p o r t i o n  o f  th e  
epitympan-ic r e c e s s  f o r  th e  p o s t e r i o r  c ru s  o f  th e  in c u s .  A 
sm a ll  foramen i s  v a r i a b ly  p r e s e n t  on t h e  m edial m argin o f  
t h i s  p o c k e t ,  d o r s a l  t o  th e  f a c i a l  s u lc u s  (F:AM 104823), o r  
p r e s e n t  on th e  m edial margin o f  th e  e p ity m p an ic  r e c e s s ,  
c au d a l  t o  th e  deeper pocket and on th e  edge c f  th e  f a c i a l  
s u lc u s  (F:AM 62034).
Sphen o i d .—The a l i s p h e n o id ,  b a s i s p h e n o id ,  or both  
develop  an e p ity m p an ic  wing t h a t  e x te n d s  c a u d a l ly  to  
c o n ta c t  t h e  ep ity m p an ic  wing of th e  p e t r o s a l .  I  have no t 
fcur.d any specimen in  which I  can  i d e n t i f y  t h e  c o n d i t io n  
d e s c r ib e d  by Hough (1953: 1 0 3 ) ,  in  which th e  a n t e r i o r  p a r t  
o f  t h e  tym panic  c a v i ty  i s  " ro o fed  by an e x te n s io n  o f  th e  
a l i s p h e n o id  t h a t  m eets t h e  b a s isp h e n o id  l a t e r a l l y  and i s
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i n  c o n ta c t  w ith  th e  promontorium by a narrow p r o c e s s . ” I  
can no t d e te rm in e  th e  p o s i t i o n  o f  a s u tu r e  between 
b a s isp h e n o id  and a l i s p h e n o id ,  e x c e p t  p o s s ib ly  a long the  
m edial s i d e  o f  th e  c a n a l  f o r  t h e  p te ry g o id  n e rv e .  (See 
F ig u re  31 .)  A d ia g o n a l  c h a rn e l  i n  t h e  spheno id  r e p r e s e n t s  
t h e  d o r s a l  r o o f  o f  t h e  o sseo u s  a u d i to r y  t u b e .  Along th e  
m edial s i d e  o f  th e  e p ity m p an ic  wing o f  th e  sphenoid  in  
F:AM 62034, n e x t  t o  t h e  ru gcse  a re a  o f  a ttach m en t o f  th e  
en to ty m p a n ic ,  a sm ooth, w e ll  d e f in e d  channe l runs 
a n t e r o v e n t r a l l y  from th e  i n t e r n a l  c a r o t i d  foramen (here  
t h e  widened a n t e r i o r  end o f  th e  b a s i c a p s u l a r  f i s s u r e ,  t h e  
sp h e n o co c h lea r  commissure have a p p a r e n t ly  f a i l e d  t o  
o s s i f y )  t o  th e  a n te ro m e d ia l  c o rn e r  o f th e  b u l l a  (as shown 
in  F ig u re  3 2 ) .  This channe l i s  u n d e r la in  by en to tym panic  
(as seen  in  t h e  l e f t  e a r  r e g io n  o f  F:AM 6203 4) and perhaps 
gave p a ssag e  t o  an a n a s to m o tic  branch  from th e  ascend ing  
ph a ry n g e a l  a r t e r y  to  th e  i n t e r n a l  c a r o t i d  foram en.
Hough (1953) d e sc r ib e d  th e  p re sen c e  of a p i r i f o rm  
f e n e s t r a  i n  D i n i c t i s . im plying  t h a t  i t  was observed  in  
AMNH 8777 and USNM 15889. However, n e i t h e r  o f  th e s e  
specim ens was p rep a red  th o ro u g h ly  enough to  observe  the  
c o n d i t io n  o f  t h e  p i r i f o r m  f e n e s t r a .  In  th o s e  specim ens in  
which th e  tym panic r o o f  i s  co m p le te ly  v i s i b l e ,  th e  
spheno id  m eets th e  p e t r o s a l  b r o a d ly ,  n o t "by a narrow 
p ro c e s s ” ( i b i d . ,  p .  1 0 3 ) ,  and t h e  p i r i f o r m  f e n e s t r a  i s  
a lm o s t  c o m p le te ly  c lo s e d ,  a s  indeed  Hough r e p o r te d  fo r
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USNM 16558, a lth o u g h  a rem nant o f  th e  f e n e s t r a  p e r s i s t s  
im m ed ia te ly  a n te ro m e d ia l  t o  th e  fo s s a  m u sc u la r is  m ajo r .
Squam osal. - - L a t e r a l  t o  th e  a l i s p h e n o id ,  th e  squam osal 
c o n t in u e s  th e  a n te r o d o r s a l  w all  o f  th e  a u d i to r y  r e g io n .  A 
p rom inen t p o s tg le n o id  p ro c e ss  and s l i g h t l y  p e d e s t a i l e d  
g le n o id  fo s s a  c o n t r i b u t e  t o  th e  r e l a t i v e  d e p th  of th e  
a u d i to r y  c a v i t y .  The s l i g h t  d e p re s s io n  p o s te ro m e d ia l  t o  
t h e  p o s tg le n o id  foramen r e c e iv e s  th e  a n t e r i o r  c ru s  o f  th e  
tym panic  r i n g .  On t h e  a n t e r i o r  f a c e  o f  th e  m astoid 
p r o c e s s ,  i n  t h e  squam osal p o r t io n  o f  t h a t  s t r u c t u r e ,  
a n o th e r  sh a l lo w  c o n c a v i ty  looks  l i k e  a very  reduced 
su p ra m ea ta l  f o s s a  in  specim ens w ith  t h e  e c to ty m p an ic  
m is s in g  o r  d i s p l a c e d ,  and was r e p o r te d  to  be a su p ra m ea ta l  
fo s s a  by both Hough (1953) and B runet (1967), bu t p roves 
t o  be t h e  comparable c o n c a v ity  f o r  th e  p o s t e r i o r  c r u s  o f  
t h e  ec to tym pan ic ,,  as dem onstra ted  by. AMNH 6937. (Compare 
t h e  sh a l lo w  c o n c a v i ty  in  D i n i c t i s  i n  F ig u re  31 w ith  the  
deep and w ell d e fin ed  su p ra m ea ta l  f o s s a  in  Nasua in  F ig u re  
23 .)
P r i n c i p a l  Tympanic Spaces  and Foramina
The t o t a l  volume a c t u a l l y  e n c lo se d  by e c t o -  and 
e n to ty m p an ics  seems d i s p r o p o r t i o n a t e l y  sm a ll  f o r  t h e  s iz e  
of t h e  s k u l l ,  p r im a r i ly  because t h e  en to tym p an ic  i s  not 
cupped by th e  su rro u n d in g  e le m e n ts ,  e x c e p t  s l i g h t l y  by th e  
b a s isp h e n o id  and b a s i o c c i p i t a l .  This f a i l u r e  o f  th e
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b u l l a r  i n f l a t i o n  t o  in v ad e  th e  o c c i p i t a l  o r  m astoid  
r e s u l t s  i n  a b u l l a  t h a t  seems sm a ll  r e l a t i v e  to  t h e  s i z e  
o f  th e  b a s ic ra n iu m . However, t h e  a u d i to r y  reg io n  in  
D i n i c t i s  i s  f a i r l y  d e ep :  n e a r ly  v e r t i c a l  en to tym pan ic
w a l ls  ap p ea r  t o  c irc u m s c r ib e  a l a r g e  hypotympanic space  
r e l a t i v e  to  th e  h o r i z o n ta l  d im ensions o f  t h e  b u l l a .  I t s  
p o s i t i o n  i s  a l s o  rem arkab ly  f a r  fo rw a rd ,  so  the  a n t e r i o r  
end of th e  b u l l a  i s  m ed ia l to  t h e  g le n o id  fo s s a  f o r  th e  
m and ibu lar  a r t i c u l a t i o n .
Tympanic c a v i t y . —Both th e  f l a t n e s s  ( lack  of 
i n f l a t i o n )  of th e  ec to tym p an ic  and i t s  la c k  c f  expansion  
m ed ia l ly  c o n t r i b u t e  t o  th e  narrow ness o f  t h e  tym panic 
c a v i ty  p ro p e r  ( c o n t r a ry  to  Hough’s ,  1953: 106, 
o b s e r v a t io n s  and i n t e r p r e t a t i o n s ) . The ro o f  of th e  
tym panic  c a v i ty  i s  q u i t e  r e c e s s e d ,  so th e  c a v i ty  e x te n d s  
w e ll  d o r s a l  t o  th e  l e v e l  o f th e  promontorium (which i s  
i t s e l f  p laced  s l i g h t l y  d o r s a l l y ) .
Epitym panic  r e c e s s . —This c o n c a v i ty  i s  rem arkably  
sh a l lo w , b u t  c o n ta in s  in  th e  p a r t  roo fed  by th e  p e t r o s a l  a 
deeper  pocket t o  r e c e i v e  th e  p o s t e r i o r  c r u s  o f  t h e  incus  
and th e  a t tac h m en t o f  th e  su sp en so ry  l ig a m e n t .
W ithin t h e  squam osal s e c t i o n  o f  th e  ep ity m p an ic  
r e c e s s  t h e r e  i s  a s m a l l  bu t  very  d i s t i n c t  foram en, 
o b s e rv a b le  in  F:AM 62034 and AMNH 455. The foramen may be 
a t  th e  s u tu r e  between th e  squamosal and p e t r o s a l ,  a s  in  
t h e  fo rm er ,  o r  e n t i r e l y  w ith in  t h e  squam o sa l,  a s  in  the
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l a t t e r ,  b u t  in  e i t h e r  c ase  j u s t  l a t e r a l  and v e n t r a l  t o  th e  
deep secon dary  pocket w i th in  t h e  r e c e s s .  T h is  foramen i s  
i n  an a p p r o p r i a t e  p o s i t i o n  to  have c a r r i e d  th e  s u p e r io r  
ramus of th e  s t a p e d i a l  a r t e r y ,  a l th o u g h  t h e  a p p a ren t  
p o s t e r i o r l y  d i r e c te d  o r i e n t a t i o n  o f t h e  foramen i n  F:AM 
62034 i s  unusua l  fo r  a foramen co n d u c tin g  t h a t  blood 
v e s s e l .  (This a r t e r y  i s  a b s e n t  in  th e  a d u l t s  o f  a l l  
c a r n iv o r a n s  a s  f a r  a s  i s  known; th e  problem i s  d is c u sse d  
f u r t h e r  be low .)
P o s t e r i o r  l a c e r a t e  foramen and a d ja c e n t  
fo ra m in a . —The p o s t e r i o r  l a c e r a t e  foramen i s  s i t u a t e d  
q u i t e  l a t e r a l l y ,  in  th e  c e n te r  o f  th e  p o s t e r i o r  m argin o f  
t h e  a u d i to r y  r e g io n  r a t h e r  than  a t  th e  p o s te ro m e d ia l  
c o r n e r .  I t  i s  presumed to  have conducted  th e  v e in  from 
t h e  sigm oid s u l c u s ,  which ends a t  i t s  l a t e r a l  ed g e , and 
n e rv e s  IX , X, XI. In  specim ens w ith  th e  p o s t e r i o r  w all o f  
t h e  b u l l a  a t  l e a s t  p a r t l y  i n t a c t ,  t h e  e x t e r n a l  opening o f  
t h i s  foramen i s  d e f in e d  p o s t e r i o r l y  by a broad no tch  in  
t h e  o c c i p i t a l  and a n t e r i o r l y  by th e  smooth w a ll  o f  th e  
e n to ty m p an ic .  Absence o f  th e  en to tym pan ic  in  t h i s  reg io n  
r e v e a l s  t h e  d o r s a l  c o n t in u a t io n  o f  th e  chann e l  in  th e  
o c c i p i t a l  th ro u g h  to  i t s  d o r s a l  s u r f a c e  and a 
c o rre sp o n d in g  no tch  in  th e  p o s t e r i o r  m argin o f  th e  
p e t r o s a l ,  d e f in in g  t h e  i n t e r n a l  p o r t io n  o f  th e  p o s t e r i o r  
l a c e r a t e  foram en. A d i s t i n c t ,  narrow no tch  in  th e  c e n te r  
o f  th e  b ro ad e r  e m a rg in a t io n  of th e  p e t r o s a l  i s  f r e q u e n t ly
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p r e s e n t  and would have conducted  th e  tym panic  n e rv e  
v e n t r a l l y  i n t o  th e  e a r  r e g io n  between th e  d o r s a l  l i p  of 
t h e  en to tym p an ic  and th e  prom ontorium .
Some v a r i a t i o n  i s  o b s e rv a b le  in  th e  degree  t o  which 
t h e  h y p o g lo s sa l  foramen i s  c lo s e  to  o r  a s s o c ia t e d  w ith  th e  
p o s t e r i o r  l a c e r a t e ,  bu t in  no c a s e  a re  they  ever  c o n f lu e n t  
a s  i s  o f t e n  t h e  c ase  in  th e  F e l i d a e .  The b r id g e  o f  
o c c i p i t a l  s e p a r a t in g  th e  two i s  always c l e a r l y  v i s i b l e ,  
c lo s e  to  th e  e x t e r n a l  s u r f a c e ,  and o f t e n  e x te n d in g  more 
v e n t r a l l y  th an  any r i d g e s  t h a t  may a p p ea r  to  t i e  th e  
h y p o g lo s s a l  foramen to  th e  p o s t e r i o r  l a c e r a t e  fo ram en .
A ll  p re v io u s  w orkers ( e .g .  Cope, 1880a; S c o t t ,  1889; 
Matthew, 1910; Hough, 1953; B ru n e t ,  1967) have i d e n t i f i e d  
t h e  m ed ia l-m ost foramen o f  t h i s  complex a s  th e  p o s t e r i o r  
c a r o t i d  fo ram en. I t  i s  n o t .  T h is  foramen i s  th e  
p o s t e r i o r  end of a c a n a l  deep ly  grooved i n t o  th e  
b a s i o c c i p i t a l  and b a s isp h e n o id  (see  F ig u re  3 2 ) ,  bounded 
l a t e r a l l y  by th e  p e t r o s a l ,  and f lo o re d  v e n t r o l a t e r a l l y  by 
t h e  en to tym pan ic  f o r  on ly  a v e ry  s h o r t  e x t e n t  and th e n  
r e l a t i v e l y  na rrow ly  because  o f th e  d ep th  o f  th e  c h a n n e l in g  
i n t o  th e  b a s i o c c i p i t a l .  The ch anne l opens i n to  t h e  
b r a in c a s e  a t  th e  l e v e l  o f  t h e  a n t e r i o r  end o f  th e  
promontorium bu t w e ll  m edial to  th e  p e t r o s a l ,  above the 
b a s i s p h e n o id ,  and c l e a r l y  m edial to  th e  foramen h e re  
c o n f lu e n t  w ith  th e  end o f  th e  b a s i c a p s u l a r  f i s s u r e — th e  
i n t e r n a l  c a r o t i d  fo ram en. T h is  c a n a l  between th e  p e t r o s a l
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and b a s i o c c i p i t a l  i s  th e  p e t r o b a s i l a r  c a n a l  and , i f  
homologous w ith  th e  c a n a l  in  t h e  same p o s i t i o n  in  e x ta n t  
c a r n iv o r a n s ,  housed t h e  i n f e r i o r  p e t r o s a l  venous s in u s*  
Confusion  has a r i s e n  in  p a r t  b ecau se  o f  th e  unusual 
c o n d i t io n  i n  n im ra v id s ,  v i s i b l e  e x t e r n a l l y ,  o f t h e r e  be ing  
a bony s e p a r a t io n  formed by an e n to ty m p a n ic /e x o c c ip i ta l  
c o n t a c t  m edial to  th e  p o s t e r i o r  l a c e r a t e  foram en, between 
th e  l a t t e r  and th e  e x i t  o f th e  i n f e r i o r  p e t r o s a l  venous 
s i n u s ,  t h e  p e t r o b a s i l a r  fo ram en.
I n t e r n a l  c a r o t id  fo ram en . — I n t e r p r e t a t i o n  of th e  
a n te ro m e d ia l  p o r t io n  o f  th e  tym panic  ro o f  i s  d i f f i c u l t .
I t  i s  c l e a r  t h a t  t h e r e  i s  no c a r o t i d  c a n a l  w ith in  th e  
e n to ty m p an ic ,  nor i s  t h e r e  any t r a c e  o f  a g rcove  on the  
d o r s a l  s u r f a c e  o f  th e  e n to ty m p a n ic .  However, every  
specim en t h a t  i s  m iss in g  th e  a n t e r i o r  p o r t io n  o f  th e  
en to ty m p an ic  d i s p la y s  some s o r t  o f  gap a t  t h e  a n te ro m e d ia l  
c o rn e r  o f  t h e  p e t r o s a l ,  l a t e r a l  to  th e  ch an n e l  f o r  th e  
i n f e r i o r  p e t r o s a l  s i n u s .  T h is  ran g e s  from a w ell d e f in e d  
foramen a s  in  D i n i c t i s  f e l i n a  (AMNH 455) t o  an i l l - d e f i n e d  
f e n e s t r a  a s  in  F:AM 62034 and 104823. When th e  
e n to ty m p an ic  i s  in  p l a c e ,  th e  o n ly  ro u te  to  t h i s  foramen 
c o n s i s t e n t l y  a v a i l a b l e  in  a l l  specim ens examined i s  a c ro s s  
t h e  a n t e r i o r  t i p  o f t h e  promontorium and between t h e  
promontorium and th e  a n t e r o l a t e r a l  c o rn e r  o f  th e  d o r s a l  
l i p  o f  t h e  en to ty m p an ic . There  i s  c o n s i s t e n t l y  p r e s e n t  a 
d e p re s s io n  in  th e  promontorium in  t h i s  p o s i t i o n ,  a sha llow
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groove aimed a t  th e  fo ram en . When th e  en to tym pan ic  i s  in  
p l a c e ,  t h e  opening l e f t  i s  s m a l l ,  bu t  such i s  p r e d i c te d  by 
t h e  sm a ll  s i z e  o f  t h e  g e n u in e ,  l a t e r a l l y  p lac ed  p o s t e r i o r  
c a r o t i d  foramen.
O th e r  openings a r e  v a r i a b ly  p re s e n t  in  the  f i s s u r e  o f 
t h e  p i r i f o r m  f e n e s t r a .  In  th e  specim en w ith  th e  most 
com ple te  b u l l a ,  th e  ty p e  o f  D i n i c t i s  c v c lo p s  (AMNH 6 9 3 7 ) ,  
t h e  p i r i f o r m  f e n e s t r a  i s  th e  m ostly  c o m p le te ly  c lo s e d ,  
w ith  o n ly  th e  in tr a ty m p a n ic  o p e n in g . to  th e  i n t e r n a l  
c a r o t i d  foramen d e f i n i t e l y  p r e s e n t ,  and a p o s s ib l e  foramen 
more m ed ia l ly  p laced  a long  th e  s p h e n o id - p e t r o s a l  s u t u r e ,  
p e rh a p s  f o r  th e  g r e a t e r  s u p e r f i c i a l  p e t r o s a l  n e rv e .  Both 
AMNH U55 and F:AM S203A e x h i b i t  i r r e g u l a r  f e n e s t r a e  a t  th e  
m edial end of th e  tym panic  c a v i t y ,  on th e  edge of th e  
f o s s a  m u sc u la r is  m ajo r. T h e ir  i n c o n s i s t e n c y ,  
i r r e g u l a r i t y ,  and b i l a t e r a l  asymmetry s u g g e s ts  t h a t  th e s e  
a r e  rem nants o f  th e  p i r i f o r m  f e n e s t r a  and d id  no t fu n c t io n  
t o  conduct major n e rv e s  o r  b lood v e s s e l s  in  the  a d u l t .
P o s t e r i o r  c a r o t i d foram en. — I t  has  been p o in te d  o u t 
above t h a t  th e  p e t r o b a s i l a r  foramen h a s  been r e p e a te d ly  
m i s id e n t i f i e d  in  p re v io u s  s t u d i e s  a s  th e  p o s t e r i o r  c a r o t id  
fo ram en . In  f a c t ,  t h e r e  i s  no t r a c e  o f  a m e d ia l ly  placed 
p o s t e r i o r  c a r o t i d  foramen o r  c a n a l .  The foramen t h a t  may 
be most re a so n a b ly  i d e n t i f i e d  a s  a p o s t e r io r  c a r o t i d  
foramen i s  p laced  very  f a r  l a t e r a l l y  and would c l e a r l y  
have t r a n s p o r t e d  a l a t e r a l l y - p l a c e d  i n t e r n a l  c a r o t i d  or
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p e rh ap s  a s t a p e d i a l  b ranch of t h e  i n t e r n a l  c a r o t id  a r t e r y .
The p o s t e r io r  c a r o t i d  foramen i s  p rese rv ed  on th e  
r i g h t  s id e  in  AMNH 6937 , i n  which i t  i s  p o s i t io n e d  very 
f a r  d o r s a l l y ,  j u s t  above t h e  v e n t r a l  edge o f  th e  
e x o c c i p i t a l .  A bony groove a c r o s s  t h e  broken edge o f th e  
en to ty m pan ic  in  F:AM 10U823 i s  i n t e r p r e t e d  h e re  a s  th e  
d o r s a l  h a l f  o f  th e  p o s t e r i o r  c a r o t i d  foramen in  t h a t  
specim en.
O th e r  foram ina and f e n e s t r a e . —Very m inute p te ry g o id  
fo ra m in a ,  th e  p o s t e r i o r  open ings  of t h e  p te ry g o id  c a n a l  
between th e  p te ry g o id  and b a s isp h e n o id  b o n es ,  a r e  v i s i b l e  
in  F:AM 62034, AMNH 455 , and 69 37 . The p te ry g o id  groove 
in  each o f  th e s e  specim ens i s  sm a ll  b u t  very  d i s t i n c t .
A common d e p re s s io n  u n i t e s  th e  p o s t e r i o r  opening  o f  
t h e  a l i s p h e n o id  c a n a l  and th e  foramen o v a le  so co m ple te ly  
t h a t ,  when m a t r i x - f i l l e d ,  i t  a p p e a rs  t o  be a t y p i c a l  
s im p le  foramen o v a le .  Removal o f  th e  m a tr ix  r e v e a l s ,  in  
every  c a se  examined, th e  p o s t e r i o r  a p e r tu r e  of th e
a l i s p h e n o id  c a n a l  in  th e  a n te ro m e d ia l  w all  o f  t h i s
d e p r e s s io n .  T h is  c o n d i t io n  i s  a l i t t l e  more extrem e than  
t h a t  in  th e  Canidae, f o r  exam ple .
One may observe  two sm a ll  fo ram ina  in  th e
p e tro ty m p a n ic  f i s s u r e  o f  AMNH 4 5 5 , and a t  l e a s t  one and 
p o s s ib ly  two c o rre sp o n d in g  grooves in  th e  p o s t e r i o r  wall 
o f  th e  squamosal (medial t o  th e  p o s tg le n o id  p ro ce ss )  on 
t h e  l e f t  s id e  of F:AM 62034. One would presumably be f o r
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t h e  e x i t  o f  t h e  chorda  tympani n e rv e  from th e  e a r  r e g io n ,  
and th e  o th e r  perhaps  f o r  th e  c o rre sp o n d in g  a r t e r y ,  c r  
p e rh a p s  f o r  an i n f e r i o r  ramus o f  th e  s t a p e d i a l  a r t e r y .
A m o dera te ly  s i z e d  p o s tg le n o id  foramen i s  p r e s e n t ,  
p o s i t io n e d  r a t h e r  m e d ia l ly :  i t  i s  d o r s a l  t o  th e  m ed ia l
edge o f  th e  p o s tg le n o id  p r o c e s s .  There i s  v a r i a t i o n  
w i th in  D i n i c t i s  in  t h e  s i z e  o f  t h i s  foram en: AMNH 6937
(Di n i c t i s  c y c I o p s )  shows m odera te  r e d u c t io n  of th e  
p o s tg le n o id  foram en, w h ile  t h a t  o f  F:AM 62034 i s  f a i r l y  
l a r g e ,  and t h a t  o f  AMNH 455 (D i n i c t i s  f e l i n a ) i s  
i n t e r m e d ia t e  i n  s i z e .
The s ty lo m a s to id  foramen h as  been d e sc r ib e d  abov e , in  
t h e  d i s c u s s io n  o f  i t s  d e f in in g  e le m e n ts .  I t  may be noted 
h e re  t h a t  th e  c h a n n e lin g  t h a t  B runet (1967) d e sc r ib e d  in  
t h e  m ed ia l  s i d e  o f  t h e  m asto id  i s  o f v a r i a b l e  dep th  in  th e  
specim ens examined h e r e ,  ra n g in g  from sh a llo w  g rooves  t o  
more d i s t i n c t  g ro o v es ,  but never i s  t h e  groove as deep a s  
t h e  f u l l  r a d i u s  o f  th e  im p lied  t u b e .
Two p u z z l in g  s t r u c t u r e s  a r e  found on th e  
p o s t e r o l a t e r a l  margin o f  th e  a u d i to r y  r e g io n .  In  seme 
specim ens ( e . g .  F:RM 62034, AMNH SD 230-4152 , and 104 823 ),  
a sm a ll  c a v i ty  o c c u rs  in  th e  o c c i p i t a l  and m asto id  w a lls  
a t  t h e  s a l t i r e  between t h e  two. T h is  c a v i ty  i s  i r r e g u l a r  
and ro u g h -w a lled  and p r e s e n t s  t h e  ap p ea ran ce  of hav ing  
f a i l e d  t o  o s s i f y .  The en to tym p an ic  c o v e rs  t h i s  a r e a  
sm oothly with no s ig n  o f a b u lge  in to  t h i s  sp a ce ,  so  i t
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does  n o t  r e p r e s e n t  an in v a s io n  o f  th e  o c c i p i t a l  and 
m asto id  by th e  hypotym panic s i n u s .  I n  o th e r  specim ens 
( e .g .  AMNH 455 and 5 S 3 7 ) , t h e r e  i s  no roug h -w a lled  c a v i ty  
b u t  t h e r e  i s  a d i s t i n c t  e m a rg in a t io n  o f  t h e  o c c i p i t a l  j u s t  
m ed ia l t o  t h e  s u tu r e  w ith  th e  m a s to id . The groove 
d e f in in g  t h i s  e m a rg in a t io n  i s  d o r s a l ly  c o n f lu e n t  w ith  th e  
p o s t e r i o r  l a c e r a t e  foram en between th e  p e t r o s a l  and 
o c c i p i t a l •
T rac es  o f  th e  p a th  o f  th e  a u r i c u l a r  branch  o f  th e  
vagus n e rv e  rem ain in  s e v e r a l  c a s e s .  A sm a ll  foramen 
between th e  m asto id  and e n to ty m p an ic ,  j u s t  p o s te ro m e d ia l  
t o  th e  s ty lo m a s to id  fo ram en , i s  p r e s e n t  in  AMNH 6937. 
Absence o f  th e  en to ty m pan ic  i n  AMNH 455 r e v e a l s  a sm a ll  
c a n a l  in  a com parable l o c a t i o n  between th e  cauda l tym panic 
p ro c e s s  o f  th e  p e t r o s a l  and th e  m a s to id ,  e x i t i n g  from th e  
p o s t e r i o r  w a ll  o f th e  f a c i a l  c a n a l .  The cau d a l  tym panic 
p ro c e s s  o f  th e  p e t r o s a l  i s  p a r t i a l l y  broken in  th e  r i g h t  
a u d i to r y  re g io n  o f  F:AM 62034, le a v in g  th e  d o r s a l  h a l f  o f  
t h e  c a n a l .  P o s t e r i o r l y  a groove runs tow ards th e  
p o s t e r i o r  l a c e r a t e  fo ram en .
A djacen t Cr a n i a l  Morphology
B a s isp h e n o id . —A d i s t i n c t  p te ry g o id  groove i s  
p r e s e n t ,  runn ing  from w i th in  t h e  o sseous a u d i to ry  tu b e  
a n te ro m e d ia l ly  t o  t h e  sm a ll  open ing  o f  t h e  p te ry g o id  
c a n a l .  At th e  a n te ro m e d ia l  c o rn e r  of th e  a u d i to r y  r e g io n .
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t h e  b a s isp h e n o id  forms a b u t t r e s s  up a g a in s t  th e  c u rv e  o f  
t h e  en to ty m p an ic .  The s i z e  o f  t h i s  prom inence v a r i e s  
w i th in  D i n i c t i s :  D. f e i i n a  {AMNH 455) d i s p l a y s  a
r e l a t i v e l y  l a r g e  one , w h ile  t h a t  of F:AM 620 34 i s  l e s s  
p ronounced . Although th e  r e s u l t i n g  o v e r a l l  shape o f  th e  
a n te rc m e d ia l  c o rn e r  o f  th e  a u d i to r y  r e g io n  i s  very  much 
t h e  same a s  t h a t  found in  o th e r  c a r n iv o r a n s ,  i t  i s  to  be 
c o n t r a s t e d  w ith  a common c a rn iv o ra n  c o n d i t io n  in  which 
t h i s  shape  r e s u l t s  from th e  p r o j e c t i o n  a n t e r i o r l y  o f  a 
s h a rp  a n te ro m e d ia l  p ro c e s s  of t h e  a u d i to r y  b u l l a .  Thus 
t h e  b a s isp h e n o id  o f  o th e r  c a rn iv o ra n s  may p re s e n t  a low, 
v e n t r a l l y  d i r e c t e d  r i d g e  a lo n g  th e  m edial s i d e  of t h e  
b u l l a ,  b u t  i t  r a r e l y  cups around th e  a n t e r i o r  margin of 
t h e  b u l l a  because  of t h e  p re s e n c e  o f  a a n te rc m e d ia l  
p r o c e s s ,  and t h e r e f o r e  does n o t  u s u a l ly  form th e  b u t t r e s s  
ob served  in  D i n i c t i s .
B a s i o c c i p i t a l . — The edges o f  th e  b a s i o c c i p i t a l  a re  
produced i n t o  a sh arp  f l a n g e ,  d i r e c t e d  v e n t r a l l y  from th e  
ru g o se  a re a  a g a i n s t  which th e  en to tym p an ic  i s  a p p re s s e d .  
T h is  a re a  o f  c o n ta c t  w ith  th e  en to tym pan ic  i s  r a t h e r  f l a t  
and n e a r ly  v e r t i c a l .  D o r s a l ly ,  t h e  b a s i o c c i p i t a l  i s  
channe led  f o r  th e  p e t r o b a s i l a r  c a n a l .  The p o s t e r i o r  t h i r d  
o f  t h i s  c a n a l  i s  ro o fe d  by a b a s i o c c i p i t a l  p r o j e c t i o n  t h a t  
a b u ts  th e  p o s te ro m e d ia l  c o rn e r  o f  th e  p e t r o s a l .  Angling 
im m edia te ly  d o r s o m e d ia l ly , th e  c a n a l  p a s se s  between the  
p e t r o s a l  and b a s i o c c i p i t a l  to  t h e  d o r s a l  s u r f a c e  of the
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b a s i o c c i p i t a l .  A sh a rp  v e n t r a l  margin to  t h i s  c a n a l  
e x te n d s  th e  l e n g th  o f  t h e  a u d i to r y  r e g io n ,  b u t  i s  n o t  
anywhere produced i n t o  a p a r t i c u l a r l y  wide f l a n g e .
L a t e r a l  ma rg in  o f  a u d i to r y  r e g i o n . —As mentioned 
e a r l i e r ,  t h e  g len o id  fo s s a  i s  s l i g h t l y  p e d e s t a i l e d ,  a 
m orpho lo g ica l  f e a t u r e  c o r r e l a t e d  with th e  d e g re e  o f  
s a b e r to o th y .  The p o s tg le n o id  p ro c e ss  i s  l a r g e ,  and 
d i r e c t e d  a lm o st s t r a i g h t  v e n t r a l l y  r a t h e r  th a n  
v e n t r o m e d ia l ly . A m o dera te ly  deep tym panic notch r e s u l t s  
from th e  p e d e s t a l l i n g  and th e  l e n g th  o f  th e  p o s tg le n o id  
p r o c e s s ,  and i s  ro o fed  by a l a t e r a l  s h e l f  o f  squam osal.
A m odera te ly  l a r g e  m asto id  p ro c e s s  form s th e  
p o s t e r i o r  w a ll  o f  th e  tym panic n o tc h .  A gain , th e  w e ll  
developed  m asto id  p ro ce ss  i s  a f e a t u r e  c o r r e l a t e d  w ith  
s a b e r to o th y .  The v e n t r a l  t i p  o f  th e  m asto id  p ro c e ss  i s  
ru g o s e ,  and o f t e n  squared  o f f  and f l a t t e n e d ,  f o r  muscle 
a t ta c h m e n t .
The p ro ce ssu s  hy o ideus  p r o j e c t s  m e d ia l ly  from th e  
m edia l w a l l  o f  t h e  m asto id  p ro c e s s ,  form ing th e  a n t e r i o r  
w a ll  o f  th e  f a c i a l  c a n a l ,  and e x te n d in g  around in  AMNH 
5937, th e  most com plete  specim en, t o  th e  c a u d a l  p ro ce ss  o f  
t h e  p e t r o s a l  and v e n t r a l l y  to  th e  e n to ty m p an ic .  A groove 
in  th e  p o s t e r i o r  s u r f a c e  o f  th e  e c to ty m p a n ic , v e n t r a l  t o  
t h e  hyoid p ro c e ss  and a n t e r i o r  t o  th e  s ty lo m a s to id  
fo ram en, su g g e s ts  t h a t  th e  hyoid a p p a ra tu s  a r t i c u l a t e d  
j u s t  a n t e r i o r  to  th e  d i s t a l  t h i r d  o f  th e  f a c i a l  c a n a l .
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im m edia te ly  p o s t e r i o r  t o  t h e  e c to ty m p a n ic .
In  F:AM 62034 and AMNH 455, t h e r e  i s  a groove o r  
f i s s u r e  on th e  a n te ro m e d ia l  s i d e  o f t h e  d o r s a l  h a l f  c f  t h e  
m asto id  p ro c e s s ;  t h i s  f i s s u r e  i s  c o n tin u o u s  Kith t h e  
s g u a m o s a l-p e tro s a l  s u t u r e  in  th e  roo f  o f t h e  tym panic 
c a v i ty  and may r e p r e s e n t  th e  s u t u r e  between th e  squamosal 
and m a s to id .  The squam osal forms a sm a ll  f l a n g e  on the 
a n t e r i o r  fa c e  of th e  hyoid p ro c e s s ,  b u t  th e  hyoid p ro cess  
p ro p e r  e x te n d s  o u t  w e l l  beyond th e  sq u a m o sa l; t h e r e  i s  no 
e v id e n ce  t h a t  th e  a r t i c u l a t i o n  o f  th e  hyoid  p ro ce ss  would 
in v o lv e  th e  sm a ll  squam osal f l a n g e .
A broad  expanse o f  bone c o n n ec ts  th e  m asto id  p ro cess  
and th e  l a r g e ,  l e a f - l i k e ,  p o s t e r i o r l y  d i r e c t e d  
p a r o c c i p i t a l  p r o c e s s .  T his  r e g io n  i s  l a r g e r  and r a t h e r  
more in depend en t from th e  b u l l a  th an  i s  t y p i c a l  f o r  most 
o th e r  c a r n iv o r a n s .
I n t r a c r a n i a l  Morphology
The m a tr ix  has been removed from th e  c r a n i a l  c a v i ty  
o f  AMNH SD 230-4152, so  t h a t  th e  d o r s a l  s u r f a c e s  o f  both 
p e t r o s a l s  a r e  a v a i l a b l e  f o r  e x a m in a t io n ,  a s  w ell a s  some 
o f  th e  su r ro u n d in g  i n t r a c r a n i a l  s t r u c t u r e s  on th e  l e f t  
s i d e .  A l l  o f  th e  fo l lo w in g  d e s c r i p t i o n  i s  o f  t h i s  
specim en u n le s s  o th e rw is e  s t a t e d .
P e t r o s a l . —In i n t r a c r a n i a l  a s p e c t ,  t h e  g e n e ra l  
o u t l i n e  o f  th e  p e t r o s a l  i s  s q u a r i s h  o r  rounded: t h e
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r o s t r a l  apex i s  b lu n t  and th e  d o r s a l  (m astoid) e x te n s io n  
in  th e  p o s t e r o l a t e r a l  c o rn e r  o f th e  b r a in c a s e  i s  s h o r t  and 
b ro a d .  A w e ll  d e f in e d  c r i s t a  p e t r o s a  i s  l a c k in g ,  th e r e  
be ing  p re s e n t  in s te a d  on ly  a rounded r i d g e .  P a r t  o f  th e  
sm a ll  s u r f a c e  a n t e r i o r  t o  th e  p e t r o s a l  c r e s t  i s  occup ied  
by a sh a l lo w  s u lc u s  t h a t  ru n s  p a r a l l e l  t o  and a d ja c e n t  t o  
t h e  c r e s t  (see  F ig u re  3 3 ) .  T h is  a n t e r i o r  f a c e  i s  l i t t l e  
covered  by th e  sq u am o sa l,  i f  a t  a l l ,  because  o f  t h e  lack  
o f  development v e n t r a l l y  o f  th e  t e n to r iu m .
The dorsom ed ia l i n t r a c r a n i a l  f a c e  o f  th e  p e t r o s a l  i s  
r e l a t i v e l y  l a r g e ,  w ith  a pronounced r i d g e - l i k e  prom inence 
from th e  a n t e r i o r  m argin o f  th e  i n t e r n a l  a u d i to ry  meatus 
to  th e  a n t e r i o r  edge o f th e  p e t r o s a l .  A s l i g h t  r i d g e  
above a p i t  on th e  p o s t e r i o r  p o r t io n  o f  th e  p e t r o s a l  
a p p e a rs  t o  c o n t in u e  t h e  l i n e  o f  th e  a n t e r i o r  r i d g e .  P a r t  
of th e  p a r s  m as to id ea  t h a t  forms th e  p o s t e r o l a t e r a l  c o rn e r  
o f  th e  b r a in c a s e  e x te n d s  from th e  edge o f  th e  p e t r o s a l  in  
a s h o r t ,  broad p r o c e s s ,  a c ro s s  which ru n s  t h e  s u l c u s  fo r  
t h e  sigm oid s i n u s .
Two major f e a t u r e s  i n t e r r u p t  t h i s  c e r e b e l l a r  f a c e  o f  
t h e  p e t r o s a l :  th e  i n t e r n a l  a u d i to r y  m eatus and th e
s u b a rc u a te  f o s s a .  The i n t e r n a l  a u d i to r y  m eatus in  
D i n i c t i s  i s  l a r g e  and an in d e n te d  ovoid  i n  sh a p e .  As in  
f e l i d s ,  th e  t r a n s v e r s e  c r e s t  i s  deep w i th in  th e  m eatus , 
and a n t e r i o r  t o  th e  m ea tu s .  No f i n e r  d i v i s i o n s  can be 
seen  w i th in  e i t h e r  th e  a n te r o d o r s a l  foramen o r  th e
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p o s t e r o v e n t r a l  foramen formed by th e  c r e s t .  D orsa l to  th e  
i n t e r n a l  a u d i to ry  meatus l i e s  a sh a llo w  su b a rc u a te  fo s s a ,  
s l i g h t l y  d eep e r  and b e t t e r  d e f in e d  on th e  l e f t  s id e  than  
on th e  r i g h t .
The pa th  o f  th e  t r ig e m in a l  nerve  a c r o s s  th e  
a n te ro m e d ia l  p a r t  o f t h e  p e t r o s a l  i s  marked on ly  by the 
s u lc u s  v en tro m ed ia l  t o  th e  r i d g e  from th e  a n t e r i o r  margin 
o f th e  i n t e r n a l  a u d i to r y  m eatus : th e  la c k  o f  a pronounced
p e t r o s a l  c r e s t  p re c lu d e s  th e  p re sen c e  o f a t r ig e m in a l  
c a n a l  a s  seen  in  th e  dog o r  r a c c o o n .  Im m ediately  l a t e r a l  
t o  t h i s  s u l c u s ,  on t h e  a n t e r i o r  margin o f  t h e  p e t r o s a l ,  a 
foramen opens in to  a groove le a d in g  i n t o  th e  sm all  
p i r i f o r m  f e n e s t r a .  T h is  foramen and groove a re  i d e n t i f i e d  
a s  th e  h i a t u s  F a l l o p i i  and proxim al p a r t  o f  th e  V idian 
groove r e s p e c t i v e l y .
J u s t  a n t e r i o r  t o  th e  p o s t e r i o r  edge o f  the  p e t r o s a l ,  
on a l e v e l  between t h a t  of th e  su b a rc u a te  f o s s a  and t h a t  
o f th e  i n t e r n a l  a u d i to ry  m ea tu s , a c l e f t  form s an e lo n g a te  
foramen t h a t  may be i d e n t i f i e d  a s  th e  p o s t e r i o r  end of th e  
c a n a l  f o r  th e  v e s t i b u l a r  a q u e d u c t .  A co u p le  of 
m i l l im e te r s  v e n tro m e d ia l  t o  t h i s  foramen i s  a n o th e r ,  very  
d i s t i n c t ,  s m a l l  ova l foram en, r i g h t  on th e  p o s t e r i o r  
margin o f  th e  p e t r o s a l .  On bo th  s id e s  o f  AMNH SD 
230-4152, th e  p o s t e r o v e n t r a l  c o rn e r  o f  th e  c e r e b e l l a r  f a c e  
o f  th e  p e t r o s a l  i s  im p e r f e c t ly  p r e s e r v e d .  However, on 
bo th  s i d e s  b u t  e s p e c i a l l y  on th e  r i g h t  s i d e ,  a few
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m il l im e te r s  a n t e r i o r  t o  th e  edge of t h e  p o s te ro m e d ia l  
c o r n e r ,  p a r t  o f  a s l i t - l i k e  foramen may be i d e n t i f i e d .  In  
e x t a n t  c a r n iv o r a n s ,  t h i s  i s  th e  p o s t e r i o r  opening o f  th e  
c o c h le a r  a q u e d u c t.  A t y p i c a l  no tch  (as i s  u s u a l ly  found 
in  c a n id s  o r  u r s id s )  in  t h e  e m a rg in a t io n  o f  the  p e t r o s a l  
a t  th e  p o s t e r i o r  l a c e r a t e  foramen may be seen  i n  v e n t r a l  
view i n  F:AM 6203U, marking th e  p o s i t io n  o f  the  open ing  o f  
t h e  c o c h le a r  a q u ed u c t.
I n t r a c r a n i a l  c h a n n e ls . —The p resen ce  o f  a channe l f o r  
a s u p e r io r  p e t r o s a l  s in u s  may be i n f e r r e d  from th e  
p re sen c e  o f  a m odera te ly  s iz e d  p o s tg le n o id  foramen fo r  th e  
e x t e r n a l  ju g u la r  v e in ,  a l th o u g h  i t  i s  n o t  v i s i b l e  
i n t r a c r a n i a l l y . A m ed ia l e x te n s io n  o f  squamosal a b u ts  th e  
e n t i r e  l e n g th  of th e  a n te r o d o r s a l  margin of the  p e t r o s a l ,  
co m p le te ly  e n c lo s in g  th e  v e n t r a l  p o r t io n  of the  t r a n s v e r s e  
s in u s  c a n a l  and a l l  o f th e  s u p e r io r  p e t r o s a l  s in u s  c a n a l .
P o s t e r i o r l y ,  a l a r g e  channe l f o r  th e  sigmoid s in u s  i s  
w e l l  d e f in e d ,  .curv ing  a c r o s s  th e  p o s te ro d o rs a l  margin o f  
t h e  p e t r o s a l ,  a c ro s s  th e  d o r s a l  p ro c e s s  o f  th e  p a rs  
m asto idea  (see  F ig u re  3 3 ) ,  and down behind  th e  p e t r o s a l  t o  
t h e  r a t h e r  l a t e r a l l y  p laced  p o s t e r i o r  l a c e r a t e  foramen. 
From th e  p o s te r io r - m o s t  p o in t  o f  th e  sigm oid s in u s  
c h a n n e l ,  j u s t  d o r s a l  to  th e  e x i t  of t h e  channel i n t o  th e  
p o s t e r i o r  l a c e r a t e  fo ram en , a foramen le a d s  i n to  a 
cond y lo id  c a n a l ,  which ends in  a foramen on th e  l a t e r a l  
w a ll  o f  th e  foramen magnum.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 240
At th e  bend in  t h e  sigm oid s u lc u s  in  AMNH SD 230-4152 
( a t  t h e  p o s te r o d o r s a l  c o rn e r)  t h e r e  i s  a f a i l u r e  t o  o s s i f y  
t h a t  may be a foramen th rough  t h e  o c c i p i t a l  co rre spon d in g  
t o  th e  ch an n e l  t o  t h e  m asto id  foramen in  Hoplophoneus.
The e x t e r n a l  opening in  t h i s  specimen o f D i n i c t i s  i s  
s l i t - l i k e  r a t h e r  th an  rounded . No such fo ram ina  can be 
i d e n t i f i e d  on F:AM 62034 o r  USNM 15889. F:AM 104823 has a 
p a i r  o f  ve ry  sm all  fo ra m in a ,  one o f which i s  s l i t - l i k e ,  in  
t h e  p o s i t i o n  o f  th e  m asto id  fo ram ina  i n  Hoplophoneus .  
D i n i c t i s  c yc lo p s  (AMNH 6937) a l s o  has a p a i r  of w e l l  
d e f in e d  fo ram ina  very  s l i g h t l y  more v e n t r a l l y  p lac ed  but 
com parable  t o  th o se  i n  F:AM 104823 and Ho p lo p h o n eu s .
A ll  D i n i c t i s  specim ens w e ll  enough p re se rv e d  t o  
d e te rm in e  th e  morphology in  th e  a p p r o p r i a te  reg io n  have 
l a r g e  p o s t - p a r i e t a l  fo ram in a ,  r a t h e r  more v e n t r a l l y  p laced  
th an  in  Hoplophoneus r e l a t i v e  t o  th e  main s w e l l in g  o f t h e  
b r a i n c a s e .  Although no specimen i s  d i s s e c t e d  a t  t h e  
a p p r o p r i a t e  l e v e l  to  dem ons tra te  t h i s ,  th e  p e s t - p a r i e t a l  
foramen i s  i n f e r r e d  from i t s  p o s i t i o n  to  have opened i n to  
t h e  ch an n e l f o r  th e  t r a n s v e r s e  s in u s  i n t r a c r a n i a l l y .
U nlike  most c a r n iv o r a n s ,  th e  m edial m argin o f  th e  
p e t r o s a l  in  D i n i c t i s  i s  n e i t h e r  r e l a t i v e l y  s t r a i g h t ,  nor 
i s  i t  channe led  f o r  t h e  i n f e r i o r  p e t r o s a l  s i n u s .  R a th e r ,  
t h e r e  i s  a m ed ia l-m ost p o in t  a t  th e  l e v e l  o f  th e  most 
p rom inen t p a r t  o f  th e  prom ontorium , and t h e  edges an g le  
l a t e r a l l y  away from t h a t  p o in t  bo th  a n t e r i o r l y  and
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p o s t e r i o r l y .  The ch an n e l f o r  t h e  i n f e r i o r  p e t r o s a l  s in u s  
i s  ex cav a ted  i n  t h e  b a s i o c c i p i t a l .  f lo o re d  by on ly  a 
narrow  c r e s t  o f  b a s i o c c i p i t a l  (and co m p le te ly  f l o o r e d ,  o f  
c o u r s e ,  by th e  en to tym pan ic)  b u t  roo fed  p o s t e r i o r l y  by a 
b road s h e l f  o f  b a s i o c c i p i t a l .  A n te r io r ly ,  th e  
p e t r o b a s i l a r  f i s s u r e  i s  l a r g e  and open , f lo o r e d  by th e  
e n to ty m p an ic .
On b o th  s i d e s  o f  AMNH SD 230-4152 , a sm a ll  channe l 
from th e  p o s t e r i o r  m argin  o f  t h e  foramen o v a le  to  t h e  
m eningeal g rooves i s  d i s t i n c t l y  v i s i b l e .  In  many e x ta n t  
c a r n iv o r a n s ,  t h i s  c h an n e l  c a r r i e s  an a n a s to m o tic  ramus 
from t h e  i n t e r n a l  m a x i l la ry  b ran ch  of th e  e x t e r n a l  c a r o t id  
a r t e r y  th ro u g h  th e  foramen c v a le  to  t h e  m edia l m eningeal 
a r t e r y .
NIMRAVUS
Based in  d e t a i l  on AMNH 6930 (r)  , AMNH 6931 (1 ) ,  F : AM 
62020 (1 & r)  , F :AM 99259 (1; j u v e n i l e ) ,  and YPM 14385 
( r ) .
Tympanic F lo o r : A ud ito ry  Bu l l a
E c to ty m p an ic . —Only t h r e e  specim ens have enough of 
t h e  ec to ty m p an ic  p re se rv e d  to  d em o n s tra te  r e l e v a n t  d e t a i l s  
o f  i t s  s t r u c t u r e —AMNH 6930, F:AM 62020 and 99259. This
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g e n t ly  curved  p l a t e  o f  bone form s th e  a n t e r o l a t e r a l  and 
a n t e r i o r  margin o f  t h e  b u l l a ,  e x te n d in g  from th e  
a n te ro m e d ia l  c o rn e r  o f  t h e  m asto id  p ro c e ss  t c  th e  
a n te rc m e d ia l  c o rn e r  o f  th e  a u d i to r y  c a v i t y .  The a n t e r i o r  
c ru s  o f  t h e  ec to ty m p an ic  h as  a p a r t i c u l a r l y  e lo n g a te  
h o r i z o n t a l  arm , n e a r ly  c lo s in g  t h e  o v a l  o f  th e  tympanic 
r i n g  by e x te n d in g  to  w i th in  two o r  t h r e e  m i l l im e te r s  of 
t h e  d o r s a l  t i p  o f  the* p o s t e r i o r  c r u s .  Even the  j u v e n i l e  
s k u l l  (F:AM 99259) e x h i b i t s  a tym panic r i n g  ly in g  i n  th e  
v e r t i c a l  p l a n e .  The r in g  i s  o r i e n t e d  in  t h i s  specimen as  
w e ll  a s  in  th e  a d u l t s ,  AMNH 6930 and F:AM 62020, a t  n e a r ly  
45 d e g re e s  from th e  s a g i t t a l  p l a n e .  A w ell  d e fin ed  
tym panic s u lc u s  l i e s  nex t  t o  a low c r i s t a  ty m p a n ica . The 
l i n e  o f  th e  l a t t e r  form s a l a r g e  o v a l ,  and ex te n d s  not 
o n ly  on to  th e  c ru r a  o f t h e  ec to ty m p an ic  bu t  i s  a p p a re n t ly  
c o n tin u e d  by a low r i d g e  on t h e  p o r t io n  o f  t h e  squamosal 
r o o f in g  th e  gap between t h e . c r u r a  (F:AM 62020 and YPM 
14 385) .
A g r e a t e r  th ic k n e s s  o f  t h e  e c to ty m p an ic  a n t e r i o r l y  
r e s u l t s  in  th e  p lan e  d e f in e d  by th e  bony edge o f  t h e  
e x t e r n a l  a u d i to r y  meatus p r o j e c t i n g  ro u g h ly  30 d eg rees  
from t h e  s a g i t t a l  p la n e ,  i . e .  more a n t e r o p o s t e r i o r l y  th an  
i s  th e  p la n e  o f  th e  tym panic  membrane i t s e l f . No o sseo u s  
e x t e r n a l  a u d i to ry  m ea ta l tu b e  i s  p r e s e n t .  I n s t e a d ,  the  
o sse o u s  meatus i s  a l a r g e  o v o id ,  w ider th a n  th e  tym panic 
n o tch  in  th e  squam osa l, a l th o u g h  n o t  q u i t e  a s  l a r g e  a s  t h e
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o v a l  o f  th e  c r i s t a  ty m p an ica . As in  D i n i c t i s ,  th e  
r e l a t i v e l y  l a r g e  s i z e  o f  th e  meatus in  com bination  with 
i t s  o r i e n t a t i o n  c a u se s  th e  a n t e r i o r  p a r t  o f  th e  m eatus to  
be p laced  q u i t e  f a r  r o s t r a l l y  so t h a t  i t  l i e s  d i r e c t l y  
m ed ia l to  th e  p o s tg le n o id  p r o c e s s .  In  a d u l t s ,  th e  r e s u l t  
i s  t h a t  th e  a u d i to ry  c a v i ty  e x te n d s  more a n t e r i o r l y  than  
i s  t y p i c a l  f o r  c a r n iv o r a n s ;  t h i s  i s  even more ex ag g e ra ted  
in  t h e  s k u l l  o f  th e  j u v e n i l e ,  F:AM 99259, in  which th e  
e x t e r n a l  a u d i to ry  meatus a p p ea rs  to  f a c e  d i r e c t l y  i n t o  t h e  
p o s tg le n o id  p ro c e s s .
N e i th e r  th e  a n t e r i o r  nor p o s t e r i o r  c ru s  o f  t h e  
ec to ty m p an ic  f u s e s  w ith  th e  squam osa l. YPM 14385 e x h i b i t s  
an i r r e g u l a r  sha llow  c o n c a v ity  i n  th e  squamosal t o  re c e iv e  
t h e  a n t e r i o r  c r u s ,  im m edia te ly  p o s te ro m e d ia l  t o  t h e  
p o s tg le n o id  foram en. The e n t i r e  a n t e r i o r  c ru s  i s  r a t h e r  
b roadened and f l a t t e n e d ,  w ith  a b lu n t  end .
P o s te ro m e d ia n y ,  th e  a n t e r i o r  c r u s  sends o f f  a long th in  
p r o c e s s ,  t h e  p ro c e ss u s  t u b a r i u s ,  which can be seen  in  F:AM 
62020 and 99259 t o  end in  a sm a ll  knob, in  t h i s  ta x c n  
d iv id in g  th e  e p ity m p an ic  r e c e s s  from th e  deep a n t e r i o r  
r e c e s s  in  th e  sphenoid  and squam osal. (This l a t t e r  r e c e s s  
i s  d e sc r ib e d  below; a l s o  se e  F ig u re  3 4 .)  F:AM 6202 0 and 
99 259 c l e a r l y  d em o n s tra te  t h a t  t h i s  m ed ia l p ro ce ss  from 
th e  a n t e r i o r  c ru s  e x te n d s  a s  f a r  m ed ia lly  a s  any p a r t  o f  
th e  in c u s  o r  m alleus (both of which ap p ea r  t c  be 
a p p ro x im a te ly  in  p la c e  in  th e  l e f t  a u d i to ry  c a v i t i e s  of
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t h e s e  two specimens) .
The p o s t e r io r  c r u s  i s  d i r e c t e d  e n t i r e l y  d o r s a l l y ,  
r e s t i n g  i n  a sh a llow  co n ca v ity  on th e  a n te ro m e d ia l  co rn e r  
o f  th e  m astoid  p ro c e ss  j u s t  l a t e r a l  t o  th e  hyoid p ro c e ss  
o f  th e  m as to id .
A pparen tly  com plete  p o s t e r i o r  h a lv e s  o f  th e  
e c to ty m p an ic s  in  F:AM 99259, 62020, and AMNH 6930 show a 
smooth cu rv e  o f  th e  v e n t r a l  m argin  tow ards t h e  p o s t e r io r  
c r u s .  A b roadened , f l a t t e n e d  o r  s u l c a t e  v e n t r a l  edge 
a p p e a rs  t o  be an unbroken, n a t u r a l  edge o f  th e  
e c to ty m p an ic  and look s  ve ry  much l i k e  a s u r f a c e  of 
a r t i c u l a t i o n  w ith  a c a r t i l a g i n o u s  e n to ty m p an ic .  T h is  
s u r f a c e  i s  f l a t  v e n t r a l l y  bu t channe led  in  th e  c e n te r  
a lo n g  th e  p o s te r io r -m o s t  e x te n t  o f  th e  ec to tym pan ic  
m arg in .
Although th e  tympanic r i n g  i s  com plete  in  AMNH 6930, 
F:AM 62020, and F:AM 99259, th e  v e n t r a l  p a r t  of t h e  
e c to ty m p an ic  f la n g e  a p p ea rs  broken a n t e r i o r l y ,  so th e  
e x t e n t  o f  expansion  o f  t h e  ec to ty m p an ic  a n t e r o v e n t r a l l y  i s  
n o t  known. That p a r t  o f  t h e  v e n t r a l  e x te n s io n ,  beyond th e  
an n u lu s  p ro p e r ,  t h a t  i s  p re s e rv e d  i s  g e n e r a l ly  r a t h e r  
f l a t ,  and on ly  g e n t ly  concave i n t e r n a l l y ,  so t h a t  t h e  
c r i s t a  tympanica and tympanic s u lc u s  a r e  on ly  s l i g h t l y  
p roduced i n t o  th e  tympanic c a v i t y .  T here  i s  c e r t a i n l y  no 
p a r t i c u l a r  expansion  of th e  hypotympanic s in u s  below th e  
m ea tu s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 245
F:AM 62020 (F ig u re  35) does e x h ib i t  an e x te n s io n  o f  
t h e  ec to tym pan ic  o s s i f i c a t i o n  a n te ro m e d ia l ly  t h a t  a p p ea rs  
t o  be a w e ll  o s s i f i e d  c a n a l i s  m u sc u lo tu b a r iu s  f o r  th e  
a u d i to r y  tu be  and tendon  o f  th e  t e n s o r  v e l i  p a l a t i n i .  In  
t h i s  specim en, th e  b roken  p a r t  o f  th e  v e n t r a l  edge ap p ea rs  
t o  ex tend  only  a s  f a r  a n t e r i o r l y  a s  t h e  i n t r a b u l l a r  end o f  
t h e  o sseo u s  a u d i to ry  tu b e ;  th e  r e s t  o f  th e  a n t e r i o r  margin 
i s  smooth and rounded , s u g g e s t in g  t h a t  th e  v e n t r a l  f la n g e  
o f  th e  ec to tym pan ic  d id  n o t  ex ten d  any f a r t h e r  fo rw a rd ,  
and t h a t  th e  a n t e r i o r  edge was e m arg in a te  a s  in  D in i c t i s . 
A n t e r i o r l y ,  th e  o sseo u s  c a n a l i s  m u scu lo tu b a r iu s  e x te n d s  to  
t h e  l e v e l  o f  th e  foramen o v a le ,  and m e d ia l ly  to  th e  
b a s is p h e n o id .  Along i t s  p o s te ro m e d ia l  m arg in , a c a n a l  
ru n s  between t h i s  o sseo u s  c a n a l i s  m u sc u lo tu b a r iu s  and th e  
a n t e r i o r  edge of th e  e n to ty m p a n ic ,  from th e  
a n te r io m e d ia l-m o s t  c o rn e r  o f  th e  b u l la  p o s t e r o d o r s a l l y  
a lo n g  th e  ep itym p an ic  wing of th e  sphenoid  t o  th e  i n t e r n a l  
c a r o t i d  foram en. (See F ig u re  3 4 .)  The e c to ty m p a n ic  i s  
e m a rg in a te  on th e  p o s t e r i o r  ( i n t r a b u l l a r )  s u r f a c e  o f  th e  
o sse o u s  c a n a l i s  m u sc u lo tu b a r iu s ,  between th e  c r i s t a  
tym panica  and th e  i n t e r n a l  open ing  ( p o s t e r i o r  end) o f  th e  
a u d i to r y  tu b e ,  a l lo w in g  a s l i g h t  a n te ro m e d ia l  e x te n s io n  o f  
t h e  tym panic c a v i ty  (se e  F ig u re  3 5 ) ,  in  t h e  d i r e c t i o n  o f  
and u n d e r ly in g  th e  a n t e r i o r  a u d i to r y  s i n u s .
Not enough of t h e  v e n t r a l  p o r t io n  o f  t h e  b u l la  i s  
p re se rv e d  t o  i n d i c a t e  w hether a s ty l i f o r m  p ro c e s s  was
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p r e s e n t  o r  n o t .  The c r e s t  on t h e  v e n t r a l  s u r f a c e  o f  th e  
e lo n g a te  o sseous  c a n a l i s  m u sc u lo tu b a r iu s  may have se rv ed  
a s  th e  s i t e  o f o r i g in  o f  t h e  l e v a t o r  v e l i  p a l a t i n i  m usc le . 
T h is  c r e s t  even a p p e a rs  broken a s  i f  i t  were th e  b a se  o f  a 
p r o c e s s ,  in  which c a se  such  a p r o j e c t i o n  m ight have been 
f u n c t i o n a l l y  a s t y l i f o r m  p ro c e s s .
A ccessory o s s i f i c a t i o n . —S e v e ra l  specim ens o f  
Nimravus (AMNH 6930, 6931, F:AM 62020, and 99259) e x h i b i t  
an a c c e s s o ry  o s s i f i c a t i o n  in  t h e  an g le  between th e  
e c to ty m p an ic  and th e  p o s tg le n o id  p ro c e s s .  T h is  
o s s i f i c a t i o n  i s  shown i n  p o s i t i o n  i n  F ig u re  35, and in  
i s o l a t i o n  in  F ig u re  37. In  o v e r a l l  s h a p e ,  th e  bone i s  
r a t h e r  s e e d - l i k e ,  b u t  w ith  a smooth concave d o r s a l  s u r f a c e  
t h a t  forms a v e n t r a l  p a r t  o f  th e  e x t e r n a l  a u d i to r y  c a n a l .  
The b o n e 's  rounded v e n t r a l  s u r f a c e  i s  p i t t e d  and ru g o s e ,  
a s  i f  i t  were embedded in  c a r t i l a g e  i n  l i f e .  When th e  
o s s i f i c a t i o n  i s  in  p o s i t i o n ,  a smooth a n t e r o l a t e r a l  
s u r f a c e  c o n t in u e s  th e  p o s t e r i o r  w a ll  o f  t h e  p o s tg le n o id  
foramen v e n t r a l l y ,  so  t h a t  t h e  o r i g i n a l  p o s tg le n o id  
foramen i s  no t  v i s i b l e  e x t e r n a l l y  and a secondary  
p o s tg le n o id  foramen i s  v i s i b l e  v e n t r a l  to  t h e  o r i g i n a l  
fo ram en , between t h i s  o s s i f i c a t i o n  and th e  p o s tg le n o id  
p r o c e s s .  T h is  p o s i t i o n i n g  of t h e  o s s i f i c a t i o n  means t h a t  
i t  forms a bony s e p a r a t io n  between th e  f a i r l y  l a r g e  
p o s tg le n o id  foramen (presum ably co n d uc ting  th e  e x t e r n a l  
j u g u la r  ve in ) and th e  a u d i t c r y  c a n a l .
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There  i s  no e v id e n c e  o f  any fu s io n  between t h i s  
o s s i f i c a t i o n  and any of th e  su rro u n d in g  b o n e s .  T h is  
a c c e s s o ry  bone b a r e ly  to u ch e s  th e  squamosal on each s id e  
o f  th e  ch an ne l from t h e  p r i m i t iv e  p o s tg le n o id  foram en, and 
a b u ts  th e  e c to ty m p an ic  a lo n g  a s in g l e  l i n e .  That t h i s  
e lem ent i s  a s e p a r a t e  o s s i f i c a t i o n  c e n te r  and no t merely a 
bony outgrow th  o f  any of t h e  u s u a l  e lem en ts  i s  f u r t h e r  
su p p o r te d  by th e  p re se n c e  o f  a t h i n  l a y e r  o f  m atr ix  
between th e  t i n y  e lem en t and th e  ec to ty m p an ic  and even 
more m a tr ix  between th e  o s s i f i c a t i o n  and th e  squamosal in  
t h e  j u v e n i l e  s k u l l ,  F:AM 99259. This la c k  o f  f u s io n  or 
even any complex a r t i c u l a t i o n  i s  d o u b t le s s  t h e  re a so n  f o r  
th e  f a i l u r e  t o  p r e s e rv e  t h i s  e lem ent in  p la c e  in  t h e  
m a jo r i ty  o f  Nimravus sp ec im en s . That good p r e s e r v a t io n  
g e n e r a l l y  o f  th e  e a r  r e g io n  i s  r e l a t e d  to  t h i s  e le m e n t 's  
p r e s e r v a t io n  i s  i n d i c a t e d  by th e  o b s e rv a t io n  t h a t  t h e  two 
specim ens with e a r  o s s i c l e s  (m alleus and in c u s )  i n t a c t  a r e  
two o f  t h e  f o u r  specim ens w ith  th e  e x t r a  o s s i f i c a t i o n  
p r e s e r v e d .
E n to ty mp a n ic . —In  no specimen i s  a com plete  
en to tym pan ic  p r e s e n t .  I f  th e  in f e r e n c e  from th e  f i n i s h e d  
edge on t h e  e c to ty m p an ic  i s  c o r r e c t  t h a t  a c a r t i l a g i n o u s  
f l o o r  was p r e s e n t ,  th e n  one would not e x p e c t  an e n c lo s e d ,  
f u l l y  o s s i f i e d  b u l l a .  However, c l e a r  f a c e t i n g  on th e  
o c c i p i t a l  bones, t h e  p o s t e r i o r  edge o f  th e  p e t r o s a l ,  and 
a lo n g  th e  cau d a l  p ro c e s s  o f  th e  p e t r o s a l  t o  th e  f a c i a l
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c a n a l ,  i n d i c a t e s  t h a t  t h e  o s s i f i e d  sh e e t  o f  en to tym pan ic  
m ight be exp ec ted  to  c o n t in u e  around th e  e a r  r e g io n  to  th e  
s ty lo m a s to id  fo ram en. I n  f a c t ,  th e  only p o r t io n  o f  
en to ty m pan ic  e v e r  p re s e rv e d  in  th e  a v a i l a b l e  specim ens has 
been th e  m edia l w a l l ,  l y in g  a p p re ssed  o r p a r a l l e l  t o  th e  
b a s i o c c i p i t a l  and b a s isp h e n o id  (AMNH 6930, F:AM 62020 and 
99259) .
The en to tym pan ic  in  a d u l t  Nimravus i s  composed of two 
l a y e r s  o f  ve ry  t h in  bone ( e a s i l y  damaged in  p r e p a r a t i o n ) .  
Both l a y e r s  a r e  c l e a r l y  v i s i b l e  a t  th e  edges of th e  
f rag m en ts  o f  en to tym p an ic  in  F:AM 62020 and AMNH 69 30. In  
th e  j u v e n i l e  s k u l l ,  F:AM 99259, double  l a y e r s  a r e  n e t  
a p p a re n t  in  th e  l a r g e r  p ie c e s  o f  en to tym pan ic  p r e s e n t .  On 
t h e  l e f t  s i d e ,  th e  f rag m en t i s  sm a ll  and c ru s h e d ,  b u t  on 
t h e  r i g h t  s i d e ,  t h e r e  i s  a l a r g e r  p iece  in  n a t u r a l  
p o s i t i o n ,  which a p p e a rs  from th e  edge to  be s o l id  and ve ry  
t h i c k  r a t h e r  th a n  b i l a m in a r .  I t  may be, however, t h a t  t h e  
p ie c e  o f  en to tym pan ic  p r e s e n t  on th e  r i g h t  s i d e  r e p r e s e n t s  
t h e  com plete  e x te n t  o f  o s s i f i c a t i o n  a t  t h a t  s t a g e ,  and 
t h a t  th e  a p p a re n t ly  s o l i d  edge i s  the  n a t u r a l  m arg in .  A 
sm a ll  c r o s s - s e c t i o n  o f  th e  c rushed  fragm ent on th e  l e f t  
s i d e  does show t h a t  t h e  en to tym pan ic  n ea r  i t s  p e t r o s a l  
edge i s  b i la m in a r  w ith  a m a t r i x - f i l l e d  sp a ce  between th e  
l a y e r s .
I n  F:AM 6 2020, t h e  d o r s o l a t e r a l  p a r t  o f  th e  a n t e r i o r  
edge o f  th e  e n to ty m p an ic  i s  i n t a c t .  This m argin  c lo s e l y
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p a r a l l e l s  th e  u n d e r ly in g  b a s isp h e n o id  ( r a t h e r  th a n  
d escen d ing  more v e r t i c a l l y  i n to  th e  margin o f  a p a r t i a l  
•septum* a s  in  D i n i c t i s * AMNH 6 9 3 7 ) . The more v e n t r a l  
p a r t  o f  t h i s  a n t e r i o r  margin i s  in c o m p le te ,  so a ve ry  
reduced p a r t i a l  septum i s  n o t  p r e c lu d e d ,  b u t  n e i t h e r  i s  
t h e r e  any d i r e c t  ev id e n ce  f o r  such a f e a t u r e .  In d e e d ,  th e  
a n t e r i o r  e x te n s io n  o f  t h e  ec to tym p an ic  i s  low , w ith o u t  th e  
v e n t r a l  e x te n s io n  seen  in  Di n i c t i s  arid w ith  no f a c e t  o r  
w a l l  a g a i n s t  which an in cu rv ed  en to tym pan ic  septum n ig h t  
a b u t .  I  co n c lu d e ,  t h e r e f o r e ,  t h a t  Nimravus very p ro bab ly  
d id  n o t  have even th e  s h o r t  p a r t i a l  •septum* seen in  
D i n i c t i s .
No grpove o r  c a n a l  f o r  a m e d ia l ly  s i t u a t e d  i n t e r n a l  
c a r o t i d  a r t e r y  has been s e e n .  The foramen t h a t  h a s  been 
p re v io u s ly  i d e n t i f i e d  a s  th e  p o s t e r i o r  c a r o t i d  foramen 
( e .g .  Cope, 1880a; Hough, 1953; B ru n e t ,  1967) i s  shown 
h e re  t o  be th e  p e t r o b a s i l a r  foram en—th e  p o s t e r i o r  opening 
o f  th e  p e t r o b a s i l a r  c a n a l  f o r  t h e  i n f e r i o r  p e t r o s a l  s i n u s .  
T here  i s  c e r t a i n l y  no s ig n  of a can a l  o r  c h a rn e l  w i th in  
t h e  en to tym pan ic  a s  i s  t y p i c a l  f o r  o th e r  c a r n iv o r a n s .
None o f  t h e  Nimravus specim ens a v a i l a b l e  f o r  t h i s  
s tu d y  had th e  p o s t e r i o r  w a ll  o f  en to tym pan ic  com ple te ,  so 
th e  p resen ce  o f  a foramen f o r  a more l a t e r a l l y  s i t u a t e d  
i n t e r n a l  c a r o t id  a r t e r y  cannot be d e te rm in e d .
Tympanic Roof
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The a u d i to r y  r e g io n  in  Nimravus i s  d e ep ly  excava ted  
and s l i g h t l y  l a t e r a l l y  com pressed . The prom cntorium  f a c e s  
s l i g h t l y  a n t e r o l a t e r a l y  a s  w e ll  a s  v e n t r a l l y .  L a t e r a l  and 
a n t e r i o r  to  t h e  prom ontorium , t h e  tym panic  c a v i ty  i s  
d e ep ly  excava ted  i n t o  t h e  tym panic r o o f .  On th e  m edial 
s i d e  o f  th e  a u d i to r y  r e g io n ,  th e  p ro d u c t io n  of th e  edge of 
t h e  b a s isp h e n o id  and b a s i o c c i p i t a l  i n t o  a s h a r p ,  v e n t r a l l y  
d i r e c t e d  f l a n g e ,  and cn t h e  l a t e r a l  s i d e ,  t h e  s l i g h t  
p e d e s t a l l i n g  o f  th e  g le n o id  f o s s a  f o r  th e  m and ibu lar  
a r t i c u l a t i o n ,  both f u r t h e r  a c c e n tu a te  th e  d ep th  o f  the  
a u d i to r y  r e g io n .
Pe t r o s a l . —The promontcrium i s  low and smoothly 
ro u n d ed . M e d ia l ly ,  a long  s t r a i g h t  c o n ta c t  with t h e  
b a s i o c c i p i t a l  ( the  f l a n g e  d o r s a l  to  t h e  p e t r o b a s i l a r  
c a n a l)  i s  v i s i b l e  in  YPM 1U385. A secondary  c o n ta c t  o r 
n e a r  c o n ta c t  w ith  t h e  v e n t r a l  b a s i o c i p i t a l  f la n g e  below 
t h e  p e t r o b a s i l a r  c a n a l  o c c u rs  i n  some specim ens ( e . g .  F:AM 
62020 and AMNH 6931), j u s t  a t  t h e  m iddle  o f  the  m ed ia l  
margin o f  th e  prom ontcrium . At th e  p o s t e r i o r  c o rn e r  of 
t h e  p e t r o s a l ,  a l a t e r a l  p r o j e c t i o n  from th e  b a s i o c c i p i t a l  
b o rd e r s  p a r t  o f  th e  p o s t e r i o r  margin o f  t h e  p e t r o s a l .  
L a t e r a l  t o  th e  p o s t e r i o r  l a c e r a t e  foram en, t h e  p e t r o s a l  
h a s  a m odera te ly  b road  c o n ta c t  w ith  t h e  e x o c c i p i t a l .
A sm a ll  a n t e r i o r  c o rn e r  o f  t h e  p e t r c s a l  i s  u n d e r la in  
by th e  en to tym pan ic  a n t e r i o r l y .  In  t h e  l e f t  e a r  o f  F:AM 
62020, t h e  en to tym pan ic  a b u ts  t h e  m edial edge o f  t h e
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p e t r o s a l  w ith o u t th e  o v e r la p  seen  i n  th e  o t h e r  n im ra v id s .  
The p o s t e r i o r  s k i r t  o f  th e  promontorium shows a c l e a r  
f a c e t  where t h e  p e t r o s a l  and en to tym pan ic  a g a in  o v e r l a p .  
(That th e  f a c e t  r e f l e c t s  t h i s  o v e r la p  i s  confirm ed  by a 
f ragm ent o f  en to ty m p an ic  i n  p la c e  on t h i s  le d g e  i n  th e  
r i g h t  a u d i to r y  r e g io n s  o f  both  AMNH 6930 and F:AM 62020.)
The a p e r t u r e  o f th e  c o c h le a r  f o s s u la  i s  d i r e c t e d  
p o s t e r o v e n t r a l l y  and s l i g h t l y  l a t e r a l l y  in  N im ravus. The 
h o r i z o n t a l  channel i n t o  th e  f o s s u la  ran g e s  from v e ry
sh a l lo w  (AMNH 6930 and F:AM 62020) to  deep (YPM 14385 and
F:AM 99259) and even c l e f t - l i k e  (AMNH 6931).
P o s te ro m e d ia l ly  from th e  c o c h le a r  f o s s u l a ,  j u s t  
b e s id e  t h e  edge of t h e  f a c e t  f o r  th e  e n to ty m p an ic ,  t h e r e  
i s  a sm a ll  a n t e r o l a t e r a l l y  d i r e c t e d  foramen in  th e  
prom ontorium . T h is  u n i d e n t i f i e d  foramen i s  q u e s t io n a b ly  
p r e s e n t  in  YPM 14385, c l e a r l y  p re s e n t  cn b o th  s i d e s  in  
F:AM 62020, and in  t h e  l e f t  e a r  re g io n  o f  F:AM 99259. No
such foramen can be seen  in  AMNH 6931, bu t i n  th e  l e f t
a u d i to r y  re g io n  of t h a t  specim en, th e  p e t r o s a l  m argin o f  
t h e  p o s t e r i o r  l a c e r a t e  foramen a p p e a rs  to  be n o tc h e d ,  a 
f e a t u r e  no t  observed  in  any o t h e r  Nimravus t o  d a t e .  In 
t h e  r i g h t  a u d i to r y  r e g io n  o f  AMNH 6930, t h e r e  i s  such  a 
foramen p r e s e n t  bu t  i n s t e a d  o f  b e in g  p o s i t io n e d  a n t e r i o r  
t o  th e  e n to ty m p an ic ,  i t  a p p e a rs  t o  be covered  by t h e  
en to tym pan ic  o r  to  open j u s t  p o s t e r i o r  to  t h e  c o n ta c t  
between t h e  en to ty m p an ic  and p e t r o s a l ,  im m edia te ly
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a n t e r i o r  t o  th e  p o s t e r i o r  l a c e r a t e  foram en.
The c a u d a l  p ro c e s s  o f  th e  p e t r o s a l  form s a b r id g e  
benea th  a c a n a l  f o r  t h e  a u r i c u l a r  ramus o f  t h e  vagus nerve  
in  th e  b e s t  p re s e rv e d  specim en, F:AM 62020. In  t h e  
j u v e n i l e ,  F:AM 99259, t h e  cau d a l  p ro ce ss  o f  th e  tym panic  
c o n ta c t s  th e  m asto id  more a n t e r i o r l y ,  form ing an e n c lo sed  
f a c i a l  c a n a l  f o r  a s h o r t  d i s t a n c e ;  th e  p a th  of th e  
a u r i c u l a r  branch o f  t h e  vagus i s  not c l e a r  b u t  t h e r e  
a p p e a rs  t o  be a s h o r t  c a n a l  e n t i r e l y  e n c lo s e d  by m a s to id .
Most p rom ontoria  have poo rly  p re se rv e d  v e n t r a l  
s u r f a c e s .  Those in  F :AM 99259 a r e  undamaged, however: on
b o th  s i d e s  th e r e  i s  a very  f a i n t ,  a n t e r o p o s t e r i o r l y  
o r i e n t e d ,  sha llow  groove a c r o s s  th e  l a t e r a l  s id e  o f  th e  
promontorium. S e v e ra l  much more d i s t i n c t  grooves a r e  
v i s i b l e  on th e  p rom on to ria  in  bo th  s id e s  o f  the  
ba s ic ra n iu m  o f  F:AM 62020. These g rooves  ru n  from j u s t  
m ed ia l t o  th e  opening of th e  c o c h le a r  f o s s u l a ,  fo rw a rd ,  
c u rv in g  m ed ia l ly  to  end a t  th e  a n te ro m e d ia l-m o s t  p o in t  o f 
t h e  p o r t io n  o f  th e  p e t r o s a l  n o t  covered by e n to ty m p an ic .
In  none o f  th e s e  s k u l l s  i s  th e r e  any groove aimed a t  th e  
v e s t i b u l a r  f e n e s t r a  o r  runn in g  between th e  a p e r t u r e  c f  th e  
c o c h le a r  f o s s u la  and th e  v e s t i b u l a r  f e n e s t r a ,  and th u s  no 
ev id e n ce  from grooves f o r  a s t a p e d i a l  a r t e r y .
In  Nimravus. th e  m odera te ly  s i z e d ,  o v a l  v e s t i b u l a r  
f e n e s t r a  i s  deep w i th in  th e  a u d i to ry  r e g io n ,  d i r e c t e d  
a n t e r o l a t e r a l l y .  As in  D i n i c t i s . t h e r e  i s  v a r i a t i o n  in
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t h e  p o s i t i o n  o f  th e  f a c i a l  foramen. I t  i s  im m ed ia te ly  
d o r s a l  t o  th e  v e s t i b u l a r  f e n e s t r a  i n  F:AM 62020, w h ile  in  
YPM 1«385, th e  c h an n e l  o f  the  f a c i a l  c a n a l  e x te n d s  along 
t h e  a n t e r i o r  m argin o f  th e  promontorium, and th e  f a c i a l  
foramen i t s e l f  i s  g u i t e  m ed ia lly  p la c e d .
From th e  p o in t  d o r s a l  to  t h e  v e s t i b u l a r  f e n e s t r a ,  th e  
f a c i a l  s u lc u s  runs  v e n t r a l l y  and p o s t e r o l a t e r a l l y  between 
t h e  promontorium and th e  m as to id ,  and s h a rp ly  v e n t r a l l y  
behind t h e  hyoid p r o c e s s .  In  F:AM 62020 and p e rh ap s  in  
F:AM 99259, t h e r e  i s  an a d d i t i o n a l  f la n g e  from th e  
p o s t e r i o r  s i d e  o f  t h e  hyoid  p ro c e ss  fo rm ing  an 
a n te ro m e d ia l  w a ll  to  th e  f a c i a l  c a n a l .  The cau d a l  p ro ce ss  
o f  th e  p e t r o s a l  on each  s id e  i s  very  s i m i l a r  t o  t h a t  of 
th e  o th e r  s id e  i n  F:AM 62020, and t h e r e f o r e  appears  
c o m p le te .  However, i n  t h i s  specim en, th e  p ro c e ss  i s  not 
in v o lv ed  in  t h e  w a l ls  o f  th e  f a c i a l  s u l c u s ,  s to p p in g  w e ll  
s h o r t  o f i t .  In  c o n t r a s t ,  the  c au d a l  p ro c e s s  o f  t h e  
p e t r o s a l  in  F:AM 99259 i s  c c - o s s i f i e d  w ith  t h e  hyoid 
p ro c e ss  and t h e  m a s to id ,  forming a c o m p le te ly  e n c lo se d  
f a c i a l  c a n a l .
The ep itym pan ic  r e c e s s  i s  a w ell  d e f in e d  c i r c u l a r  
c o n c a v i ty  in  YPM 1U385— l e s s  c l e a r l y  seen  i n  th e  more 
com plete  specim ens w i th  ec to ty m pan ic  and e a r  o s s i c l e s  in  
p la c e .  In  th e  fo rm e r ,  th e  s u tu r e  between t h e  squamosal 
and p e t r o s a l  i s  v i s i b l e ,  runn ing  through th e  c e n t e r  of th e  
r e c e s s .  As in  D i n i c t i s . t h e r e  i s  a deep e r  p i t  in  th e
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p e t r o s a l  h a l f  o f  th e  e p ity m p an ic  r e c e s s  to  accom odate th e  
p o s t e r i o r  c ru s  o f  th e  i n c u s .  P r e s e r v a t io n  i s  no t  good 
enough in  YPM 14385 t o  p e rm it  w ith  any c e r t a i n t y  th e  
d isce rn m en t o f  fo ram in a  in  o r  n e a r  th e  ep ity m p an ic  r e c e s s .
M edial t o  th e  ep ity m p an ic  r e c e s s  i s  th e  fo s s a  
m u s c u la r is  m ajo r ,  a w e l l  d e f in e d  and m odera te ly  deep oval 
r e c e s s  f o r  th e  o r i g i n  of th e  t e n s o r  tympani m uscle . The 
a n t e r i o r  margin o f  t h i s  r e c e s s ,  th e  a n t e r i o r  edge o f  th e  
ep ity m p an ic  wing o f  t h e  p e t r o s a l ,  l i e s  a g a i n s t  th e  
spheno id  and squam osal e p ity m p an ic  w ings, c o m p le te ly  
c lo s in g  th e - p i r i f o r m  f e n e s t r a  e x c e p t  f o r  a sm a ll  gap a t  
th e  c e n t e r  o f  th e  a n t e r i o r  p e t r o s a l  m arg in , j u s t  l a t e r a l  
to  th e  edge  o f  th e  e n to ty m p an ic  (F:AM 99259) and a t  the 
end o f  th e  grooves a c r o s s  th e  promontorium (F:AM 62 020} 
(see  F ig u re  3 5 ) .
Sphenoid . —E pitym panic  wings from t h e  a l i s p h e n o id  and 
pe rhaps  b a s isp h e n o id  co m p le te ly  r c o f  th e  a n t e r i o r  p a r t  o f  
t h e  tym panic  c a v i t y .  The edge of th e  f a c e t  cn th e  
b a s isp h e n o id  f o r  th e  m edia l en to ty m pan ic  i s  w e ll  marked by 
a smooth c h a n n e l ,  presum ably f o r  an a n a s to m o tic  b ranch 
from th e  a scen d in g  p h a ry n g e a l  a r t e r y  (YPM 14 385; s e e  
F ig u re  3 4 ) .  P a r t  o f  t h i s  ch ann e l i s  c l e a r l y  v i s i b l e  in  
t h e  l e f t  e a r  o f  F:AM 99259 and th e  r i g h t  e a r  of F:AM 
62020; th e  r e s t  o f  t h e  c a n a l  i s  f i l l e d  in  t h e  l a t t e r  w ith 
m a tr ix  in  a c a s t  o f  t h e  c a n a l .
Medial t o  t h i s  c h an n e l  i s  a r id g e  o f  bone marking t h e
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a n t e r i o r  margin of t h e  a d ja c e n t  e n to ty m p a n ic , and a n t e r i o r  
t o  i t  a broad c h a n n e l ,  which presum ably o v e r la y  th e  
c a r t i l a g e  o f  th e  a u d i to r y  tu b e .  In F:AM 620 20, t h i s  
channe l forms th e  r o o f  o f th e  osseo us  c a n a l i s  
m u sc u lo tu b a r iu s ,  f lo o re d  by th e  tro u g h  o f  e c to ty m p a n ic .  
W ithin  t h i s  ch ann e l  l i e s  th e  p te ry g o id  g ro o v e .
In  th e  c e n t e r  o f  th e  a n t e r i o r  w a ll  o f th e  tympanic 
c a v i t y ,  Nimravus has a l a r g e  o v a l  p o ck e t o r  e x c a v a t io n  
i n t o  th e  spheno id  (F igu re  3 4 ) .  T h is  e x c a v a t io n  v a r i e s  
somewhat i n  i t s  d e p th ; th e  w a ll  e x te n d in g  v e n t r a l l y  from a 
sh a l lo w e r  (but w e ll  d e f in e d )  pocke t s lo p e s  very  s l i g h t l y  
a n t e r i o r l y  in  F:AM 62020, w hile  th e  d e ep e r  pocket i n  YPM 
14 385 r e s u l t s  in  a ro u n d ed , p o s t e r i o r l y  d i r e c t e d  s h e l f  
below th e  pocket and a more v e r t i c a l  w a ll  down from the  
p o ck e t  b e fo re  th e  a n t e r i o r  m argin o f  th e  a u d i to ry  re g io n  
i s  r e a c h e d .  In  th e  j u v e n i l e ,  F:AM 99259, t h e  ec to ty m p an ic  
p a r t l y  o b sc u re s  t h i s  a r e a ,  t u t  th e  e x c a v a t io n  a p p e a rs  
s h a l lo w e r  than  t h a t  seen  in  t h e  a d u l t s .
T h is  e x c a v a t io n  (here  dubbed th e  ' a n t e r i o r  a u d i to ry  
r e c e s s ' )  i s  d i r e c t l y  a n t e r i o r  t o  (and much l a r g e r  than) 
t h e  f o s s a  m u sc u la r is  m ajo r;  th e  two r e c e s s e s  a r e  s e p a ra te d  
by a r i d g e  composed o f  th e  edges of t h e  spheno id  and th e  
p e t r o s a l .  P o s t e r o l a t e r a l l y , t h e  l a r g e  a n t e r i o r  a u d i to r y  
r e c e s s  i s  s e p a ra te d  from th e  ep itym pan ic  r e c e s s  by a r id g e  
o f  bone a t  th e  edge o f  th e  squam osal and by th e  lo n g  
p o s te ro m e d ia l  p r o j e c t i o n ,  th e  p ro c e s s u s  t u b a r i u s ,  frcm th e
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a n t e r i o r  c ru s  o f  th e  e c to ty m p a n ic .
Squam osal. —L a t e r a l  t o  th e  sp h e n o id s ,  th e  squamosal 
forms th e  s l i g h t l y  p e d e s t a l l e d  g le n o id  fo s s a  and 
p o s tg le n o id  p rocess*  A low r id g e  o r  long  prom inence of 
bone ru n s  from th e  to p  o f  th e  tym panic no tch  to  t h e  end o f  
t h e  p o s tg le n o id  p r o c e s s ,  j u s t  l a t e r a l  to  th e  p o s tg le n o id  
fo ram en . The squamosal g e n t ly  s lo p e s  away a n t e r i o r l y  on 
each  s id e  o f  t h i s  p rom inence, so  th e  l a t e r a l  h a l f  o f  th e  
w a ll  o f  th e  p o s tg le n o id  p ro c e s s  f a c e s  s l i g h t l y  l a t e r a l l y  
as w e ll  a s  p o s t e r i o r l y ,  w hile  t h e  m edial h a l f  (c o n ta in in g  
t h e  p o s tg le n o id  foramen) f a c e s  p o s te ro m e d ia l ly .  The 
squam osal s h e l f  above th e  tym panic  no tch  i s  only  o f  
m oderate  w id th , and t h e  expanse o f  squamosal l a t e r a l  to  
t h e  p o s tg le n o id  foramen i s  no t g r e a t .
A channel ex te n d s  v e n t r a l l y  from th e  p o s tg le n o id  
foram en. The pronounced w a l ls  o f  t h i s  channe l ab u t th e  
a c c e s s o ry  o s s i f i c a t i o n  d e s c r ib e d  above. D orsal to  th e  
fo ram en , a sha llow  p o ck e t  and ru g o se  a re a  in  YPM 14385 
marks th e  a r t i c u l a t i o n  w ith  th e  a n t e r i o r  c ru s  o f  t h e  
e c to ty m p a n ic .  J u s t  m ed ia l to  t h e  p o s tg le n o id  foramen and 
p r o c e s s ,  a d i s t i n c t  groove or p a i r  of g rooves (presumably 
f o r  t h e  chorda tympani n e rve  and a s s o c ia t e d  a r te r y )  can be 
seen  i n  th e  r i g h t  e a r  r e g io n  of YPM 14385, and i n . b c t h  
s i d e s  o f  F:AM 62020, ru n n in g  from th e  tym panic c a v i ty  down 
and m edia l to  th e  g le n o id  f o s s a .
A ud ito ry  o s s i c l e s . —Two sp ec im en s , F:AM 62020 and
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99259, r e t a i n  th e  in c u s  and m alleus  rough ly  in  p la c e  in  
t h e  l e f t  a u d i to ry  r e g io n s  (and in  th e  l a t t e r  specim en, in  
t h e  r i g h t  s id e  a s  w e l l ) • In  n e i t h e r  specim en has 
p r e p a r a t io n  been c a r r i e d  so  f a r  a s  to  remove th e  o s s i c l e s ,  
b ecause  o f  t h e i r  f r a g i l i t y  and th e  p r e s e n t  s c a r c i t y  of 
co m p ara tiv e  m a t e r i a l .  I t  can be seen a t  t h i s  s t a g e ,  
however- t h a t  th e  neck on th e  m alleus  i s  ex trem ely  lc n g ,  
p e rh a p s  r e l a t e d  to  t h e  d ep th  o f  th e  tym panic  c a v i t y .  The 
p o s t e r i o r  p ro ce ss  i s  s h o r t ,  s m a l l ,  and s im ply  p o in te d  (see  
F ig u re  3 6 ) .  The manubrium i s  lo n g  and s l e n d e r .
P r i n c i p a l  Tympanic Spaces and Foramina
In  s p i t e  o f th e  la c k  o f  in v a s io n  of t h e  m asto id  or 
o c c i p i t a l  by th e  hypotympanic s i n u s ,  th e  t o t a l  volume t h a t  
would have been e n c lo se d  by a r e g u l a r l y  shaped b u l l a ,  w ith  
w a l l s  of th e  shape i n d i c a t e d  by th e  f rag m en ts  p re se rv e d  in  
t h e s e  specim ens, would have been f a i r l y  l a r g e .  The 
b a s i o c c i p i t a l  f la n g e  i s  l a r g e  and c u p - l i k e ,  a rgu ing  fo r  an 
i n f l a t e d ,  r a t h e r  g lo b u la r  e n to ty m p an ic .  A l a r g e  f a c e t  on 
th e  m ed ia l s id e  of t h e  m astc id  a l s o  i n d i c a t e s  a l a r g e  
b u l l a ;  t h e  v e n t r a l  edge of th e  f a c e t  i s  p la c e d  more 
l a t e r a l l y  in  Nimravus th an  in  D i n i c t i s . so  t h a t  a l th o u g h  
t h e  m asto id  and p a r o c c i p i t a l  p ro c e s s e s  a re  s t i l l  b ro ad ly  
c o n n e c te d ,  th e  b u l la  may be i n f e r r e d  t o  have been more 
l a t e r a l l y  i n f l a t e d .  F u r th e rm o re ,  th e  dep th  of th e  
a u d i to r y  reg io n  would r e s u l t  in  a f a i r l y  l a r g e
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hypotympanic space  even i f  th e  en to tym pan ic  was n o t  much 
i n f l a t e d  beyond th e  v e n t r a l  edge of th e  ec to ty m p a n ic  and 
b a s i o c c i p i t a l  f l a n g e s .
Tympanic c a v i t y . —The tympanic c a v i ty  p ro p e r  i s  
narrow and deep—an e lo n g a te  s l o t  between t h e  ec to tym pan ic  
(and squam osal) and t h e  a n t e r o l a t e r a l  s i d e  o f  th e  
prom ontorium . The a n t e r i o r  a u d i to r y  r e c e s s ,  d e sc r ib e d  
above, e x te n d s  th e  tym panic  c a v i ty  d o r s a l  t o  th e  
e c to ty m p an ic  and a n t e r i o r l y  i n t o  th e  sp h e n o id .
Epitym panic  r e c e s s . —fl s m a l l ,  sh a l lo w , c i r c u l a r  
c o n c a v i ty ,  th e  ep itym p an ic  r e c e s s  l i e s  on t h e  s u t u r e  
between th e  squam osal and p e t r o s a l .  In  th e  p e t r o s a l  
p o r t io n  o f  th e  r e c e s s ,  a d eep e r  pocket i s  e x c a v a te d ,  
presum ably f o r  th e  p o s t e r i o r  c ru s  o f  th e  in c u s  and th e  
su sp en so ry  l ig a m e n t .
Post e r i o r  l a c e r a t e  foramen and a d ja c e n t  
fo ra m in a . —The p o s t e r i o r  l a c e r a t e  foramen i s  r a t h e r  
l a t e r a l l y  p o s i t io n e d ,  in  t h e  c e n te r  o f  th e  p o s t e r i o r  
margin o f  th e  a u d i to ry  r e g io n .  P o s te r o m e d ia l ly , a high 
'  w a ll  o f  bone s e p a r a t e s  th e  p o s t e r i o r  l a c e r a t e  foramen from
t h e  h y p o g lo s sa l  fo ram en. M e d ia l ly ,  a bony b r id g e  between 
t h e  o c c i p i t a l  and th e  en to tym p an ic  c o m p le te ly  s e p a r a te s  
t h e  p o s t e r i o r  l a c e r a t e  from th e  p e t r o b a s i l a r  fo ram en. The 
p o s t e r i o r  l a c e r a t e  foramen v a r i e s  i n  shape from a s im p le  
l a r g e  c i r c l e  (YPM 1U385) t o  a d i s t i n c t l y  
• d o u b le -b a r r e l le d *  shap e  (F:AM 62020) , a s  i f  two l a r g e
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v e s s e l s  e x i t e d  s i d e - b y - s i d e .
Cope (1880a), Hough (1953), and indeed  a l l  o t h e r s  
p u b l i s h in g  d i s c u s s io n s  o f  th e  e a r  r e g io n  o f  Nimravus to  
d a te  have m i s i d e n t i f i e d  th e  m edia l-m ost foramen i n  t h i s  
r e g io n  a s  th e  p o s t e r i o r  c a r o t id  foram en. Exam ination  o f  
w e l l  p rep a red  specim ens ( e .g .  YPM 14385 and F:fiM 62020) 
now d e m o n s tra te s  t h a t  t h i s  foramen i s  more l i k e l y  t h e  
p o s t e r i o r  end of th e  p e t r o b a s i l a r  c a n a l  f o r  th e  i n f e r i o r  
p e t r o s a l  venous s i n u s .  T h is  foramen n o rm ally  opens in to  
t h e  w a ll  o f  t h e  p o s t e r i o r  l a c e r a t e  foramen i n t r a c r a n i a l l y , 
b u t  h e re  i s  s e p a r a te d  from the  p o s t e r i o r  l a c e r a t e  foramen 
by a bony b r id g e  between th e  o c c i p i t a l  and en to ty m p an ic .  
Compared with th e  p o s t e r i o r  l a c e r a t e  fo ram en , th e  
p e t r o b a s i l a r  foramen opens more d o r s a l l y ,  n e a r  th e  
h y p o g lo ssa l  foram en, and may be s a id  t o  be c o n f lu e n t  with 
t h e  l a t t e r  in  some specim ens ( e .g .  F:AM 62020).
I n t e r n a l  c a r o t i d  foram en. — In  th e  two b e s t  p re se rv e d  
sp ec im en s , YPM 14385 and F:AM 62020, t h e r e  i s  a d i s t i n c t  
gap a t  t h e  c o rn e r  where en to ty m p an ic ,  prom ontorium , and 
spheno id  a l l  m ee t.  The grooves across , t h e  promontorium in  
F:AM 62020 run i n t o  t h i s  f e n e s t r a .  In  YPM 14385, th e  
en to ty m pan ic  i s  e n t i r e l y  m is s in g ,  and th e  gap can be seen 
t o  ex tend  m e d ia l ly  t o  a foramen (m ostly d e f in e d  by a sm all  
e m a rg in a t io n  i n  th e  edge o f  th e  spheno id ) p o s i t io n e d  a t  
t h e  d o r s a l  end o f  th e  c a n a l  (perhaps f o r  an anastomosus 
from th e  a sce n d in g  p h a ry n g ea l  a r t e r y )  in  t h e  ep itym pan ic
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wing o f  th e  sp h e n o id .  T h is  m ed ia l  foramen i s  h e re  
considered /hom ologous w ith th e  i n t e r n a l  c a r o t i d  fo ram ina  
of o th e r  t a x a ,  on th e  b a s i s  o f  i t s  p o s i t i o n .
P o s t e r i o r  c a r o t i d  fo ram en . — None of t h e  specim ens o f  
Nimravus t h a t  I  have examined have any foram en, e i t h e r  
m e d ia l ly  o r  l a t e r a l l y  p la c e d ,  t h a t  I  would re g a rd  a s  a 
p o s t e r i o r  c a r o t i d  foram en. I t  i s  not s a f e  t o  con c lu de  
from t h i s  t h a t  one was n o t  p r e s e n t ,  however; in  no 
specim en examined i s  th e  p o s t e r i o r  w a ll  o f  th e  
en to ty m pan ic  com plete  enough to  show w hether any foramen 
com parable  t o  th o se  o f  D i n i c t i s . Hoplophoneus .  or 
B a rb o u ro fe l i s  was p r e s e n t .
O ther fo ram ina  and f e n e s t r a e . —Sm all p te ry g o id  
g rooves  le a d  in  Nimravus t o  p te ry g o id  fo ram in a ,  p o s i t io n e d  
in  F:AM 62020 and YPM 14385 u n u su a l ly  v e n t r a l l y ,  on the  
m edial w a l l s  o f  th e  p te ry g o id  p r o c e s s e s .  I n  th e  j u v e n i l e ,  
F:AM 99259, th e  p te ry g o id  can a l  i s  w e ll  p re se rv e d  on th e  
r i g h t  s i d e :  i t  i s  r e l a t i v e l y  l a r g e r  than  i n  a d u l t s ,  and
i t s  p o s t e r i o r  opening  more t y p i c a l l y  p o s i t io n e d  on th e  
d o r s a l  ro o f  o f  th e  n aso p h ary n g ea l  cham ber, a t  th e  b a se  o f  
t h e  p te ry g o id  p ro c e s s e s .
A common, o v a l  d e p re s s io n  e n c lo s e s  t h e  p o s t e r i o r  
a p e r t u r e  o f  t h e  a l i s p h e n o id  c a n a l  ( fa c in g  
p o s t e r o l a t e r a l l y )  and th e  fcramen o v a le  ( fa c in g  
v e n t r a l l y ) .
In  th e  l e f t  a u d i to r y  re g io n  o f F:AM 62020, th e
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p r e s e r v a t io n  o f  th e  ec to ty m p an ic  p e rm its  d isc e rn m en t  of 
two s m a l l ,  s l i t l i k e  fo ram ina  i n  th e  p e tro ty m p a n ic  f i s s u r e ,  
f o r  t h e  v e s s e l s  f i l l i n g  th e  grooves on th e  p o s t e r i o r  w all 
o f  th e  squam osal.
The p o s tg le n o id  foramen p ro p e r  i s  l a r g e  in  a l l  
Nimravus examined th u s  f a r ,  b u t  i s  no t  a c t u a l l y  v i s i b l e  
when th e  a c c e sso ry  a u d i to r y  o s s i f i c a t i o n  i s  p re se rv e d  in  
i t s  c o r r e c t  p o s i t i o n .  I n s t e a d ,  a seco n d a ry  p o s tg le n o id  
foramen i s  formed between t h i s  o s s i f i c a t i o n  and th e  can a l  
in  th e  squam osal v e n t r a l  t o  t h e  p o s tg le n o id  foramen 
p ro p e r .
A c o m p le te ly  e n c lo se d  f a c i a l  c a n a l  i s  p re s e n t  in  F:AM 
99259, formed by th e  hyoid p ro c e ss  o f th e  m astoid  
a n t e r i o r l y ,  a channel in  th e  m edial w a l l  o f  th e  m astc id  
p ro c e s s  l a t e r a l l y ,  and a long cau d a l  p ro c e s s  of th e  
p e t r o s a l  m ed ia l ly  and p o s t e r i o r l y .  T h is  e n c lo se d  c a n a l  i s  
in  sh a rp  c o n t r a s t  to  t h e  open s u lc u s  in  F:AM 62020, 
bounded e n t i r e l y  by th e  hyoid p ro c e ss  and m asto id  p rop er  
and w ith o u t any invo lvem ent o f  th e  cau d a l  p ro c e ss  o f  th e  
p e t r o s a l .  YPM 14385 i s  la c k in g  even a w e l l  de fined  
s u l c u s ,  having o n ly  a sha llow  channe l on th e  m edial face  
o f  t h e  m a s to id ,  bu t t h i s  could  be due in  l a r g e  measure to  
b reakage  o f  t h e  d e l i c a t e  f l a n g e s  in  t h i s  e x te n s iv e ly  
f r a c t u r e d  specim en. Lack of p re se rv e d  en to tym pan ic  in  
t h i s  a re a  p re v e n ts  d e c ip h e r in g  o f  th e  c o n t r ib u t io n  from 
t h e  en to tym pan ic  t o  t h e  d e f i n i t i v e  s ty lo m a s to id  foram en.
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Two of th e  John Day specim ens, AMNH 6930 and YPM 
14385, e x h i b i t  a gap in  th e  a n te r io r - m o s t  s e c t io n  o f  th e  
o c c i p i t a l - m a s to i d  s u t u r e .  This i r r e g u l a r  c a v i ty  looks  
very  much l i k e  a f a i l u r e  to  o s s i f y  c o m p le te ly .  In  
c o n t r a s t ,  F:AM 62020 shows n o th in g  com parab le , b u t ,  
im m edia te ly  l a t e r a l  t o  th e  s u t u r e ,  e x h i b i t s  a d i s t i n c t  
groove descend ing  from th e  ju n c t io n  between th e  m asto id  
and t h e  cau d a l  p ro c e s s  o f  the  tym panic v e n t r a l l y  t o  the  
edge o f  th e  a u d i to r y  c a v i t y .
F:AM 62020 shows on both s i d e s  a c l e a r  cana l  f o r  th e  
a u r i c u l a r  branch o f  t h e  vagus n e rv e  d o r s a l  to  th e  cauda l 
p ro c e s s  o f  th e  p e t r o s a l .  Im m ediately l a t e r a l  t o  th e  
p o s t e r i o r  opening  of t h i s  can a l  i s  th e  b a se  c f  th e  
u n i d e n t i f i e d  groove o r  grooves in  th e  m a s to id .  And medial 
t o  t h i s  a r e a ,  in  s e v e r a l  spec im ens , i s  t h e  u n id e n t i f i e d  
foramen i n  th e  promontorium (see  th e  e a r l i e r  s e c t i o n  on 
t h e  p e t r o s a l  on p .  2 5 1 )•
Adja c e n t  C ra n ia l  Morphology
B a s isp h e n o id . —No s u tu r e  i s  d i s t i n g u i s h a b l e  between 
t h e  a l i s p h e n o id  and b a s is p h e n o id ,  so  t h e  d eg ree  o f  
c o n t r i b u t i o n  o f  t h e  b a s isp h e n o id  to  what i s  c a l l e d  here  
t h e  e p ity m p an ic  wing c f  th e  sphenoid  i s  u n c l e a r .  Medial 
t o  th e  tym panic  r e g i o n ,  th e  b a s isp h e n o id  c o n t r i b u t e s  to  
t h e  m edial v e n t r a l l y - d i r e c t e d  f l a n g e  a g a i n s t  which th e  
en to tym pan ic  i s  a p p re s s e d .  These f l a n g e s  a r e  r e l a t i v e l y
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sm a ll  in  t h e  j u v e n i l e ,  bu t  f a i r l y  w e l l  developed  i n  the  
a d u l t s .  At t h e  a n te r io r - m o s t  c o r n e r ,  th e  f l a n g e  c u rv e s  
around so t h a t  a s o r t  o f  b u t t r e s s  i s  fo rm ed . The o v e r a l l  
shape of t h i s  reg io n  i s  very  much l i k e  t h a t  found i n  many 
o th e r  c a r n iv o r a n s ,  o f t e n  produced i n  o th e r  tax a  by an 
a n te ro m e d ia l  p ro c e ss  o f  th e  e n to ty m p an ic  l y in g  on t h e  
b a s isp h e n o id  r a t h e r  th a n  s o l e l y  by th e  b a s isp h e n o id  
i t s e l f .
B a s i q c c i p i t a l . — In F:AM 99259, t h e  s u tu r e  between th e  
b a s isp h e n o id  and b a s i o c c i p i t a l  can  be seen  towards th e  
l e v e l  o f t h e  a n t e r i o r  end of th e  a u d i to r y  r e g io n .  The 
l a t e r a l  m argins o f  t h e  b a s i o c c i p i t a l  p r o j e c t  v e n t r a l l y  in  
l a r g e ,  sh a rp  f l a n g e s  which cup th e  b u l l a .  These f l a n g e s  
a r e  lo n g e r  and more pronounced in  a d u l t  Nimravus th a n  in  
D i n i c t i s . a taxon  o th e rw is e  o f t e n  c o n s id e re d  “more 
d e r iv e d 1*.
D o r s a l ly ,  t h e  p e t r o b a s i l a r  c a n a l  c h a n n e ls  d eep ly  i n t o  
t h e  b a s i o c c i p i t a l .  In  YPM 14385, th o rou gh  p r e p a r a t io n  and 
t h e  la c k  o f  any en to tym pan ic  r e v e a l s  a com plete  d o r s a l  
ro o f  t o  th e  p e t r o b a s i l a r  c a n a l ,  from th e  p o s t e r i o r  foramen 
to  th e  l e v e l  a n t e r i o r l y  where i t  p a s s e s  i n t r a c r a n i a l l y .
The v e n t r a l  edge o f  t h e  channel i s  more v a r i a b l e .  In  YPH 
14385, i t  i s  n o t much e x te n d e d , s c  t h a t  t h e  p e t r o b a s i l a r  
c a n a l  i s  between th e  p e t r o s a l  and th e  b a s i o c c i p i t a l  but 
would have been f lo o re d  by th e  e n to ty m p a n ic .  The o th e r  
ex trem e may be seen  in  AMNH 6931 o r  F:AM 62020, in  which
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 264
t h e  v e n t r a l  edge of t h e  c a n a l  p r o j e c t s  l a t e r a l l y  and 
c o n t a c t s ,  o r  a lm ost c o n t a c t s ,  t h e  p e t r o s a l .
Some i n t e r e s t i n g  o n to g e n e t ic  changes a r e  im p l ie d  by 
t h e  c o n d i t io n  of th e  median w a l l  in  t h e  j u v e n i l e ,  F :AM 
99259. The v e n t r a l  f l a n g e  o f  th e  b a s i o c c i p i t a l  i s  no t  a s  
pronounced as  in  th e  a d u l t s ,  and th e  promontorium n o t  a s  
r e c e s s e d  above th e  l e v e l  o f  th e  b a s i o c c i p i t a l .  R e la te d  to  
t h i s ,  th e  m edial s u r f a c e  o f  th e  b a s i o c c i p i t a l  ( a g a in s t  
which th e  en to ty m pan ic  l i e s )  i s  more h o r i z o n t a l ,  f a c in g  
more v e n t r a l l y ,  and t h e  p e t r o b a s i l a r  c a n a l  s m a l l e r .
L a t e r a l  ma rg in  o f  a u d i to r y  r e g i o n . —The g le n o id  f o s s a  
i s  ve ry  s l i g h t l y  p e d e s t a i l e d ,  w ith  a m odera te ly  s i z e d ,  
v e n t r a l l y  d i r e c t e d  p o s tg le n o id  p r o c e s s .  The tym panic 
n o tc h  i s  f a i r l y  open, and p r o p o r t io n a te ly  n o t  a s  deep  a s  
in  th e  more s a b e r to o th e d  n im ra v id s .  On th e  p o s t e r i o r  s i d e  
o f th e  tym panic  n o tc h ,  t h e  m as to id  p ro c e s s  i s  sq u a re  and 
ru g o se  f o r  muscle a t ta c h m e n t ,  bu t  no t lo n g .
As d e s c r ib e d  above, th e  hyoid  p ro c e ss  p r o j e c t s  
m e d ia l ly  from th e  base  o f  th e  m asto id  p r o c e s s ,  form ing th e  
a n t e r i o r  w a ll  of th e  f a c i a l  c a n a l .  In  YPM 14385, a groove 
th ro u g h  th e  base  o f  t h e  hyoid p ro c e ss  i s  th e  v e n t r a l  
e x te n s io n  o f  th e  s g u a m o s a l -p e t ro s a l  s u t u r e  a f t e r  t h e  
l a t t e r  t r a v e r s e s  th e  ro o f  o f  th e  tympanic c a v i t y .  I f  t h i s  
i d e n t i f i c a t i o n  i s  c o r r e c t ,  t h e  a n t e r i o r  o n e - th i r d  o f  th e  
m as to id  p ro c e s s  i s  formed by p a r t  o f  th e  squam osal bene. 
T here  a p p e a rs  to  have been on ly  a low r id g e  o f  squamosal
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on th e  a n t e r i o r  edge o f  th e  b a se  c f  t h e  hyoid  p ro c e s s ;  th e  
bu lk  o f  th e  hyoid  p ro c e s s  would have been fo rc e d  from th e  
m edia l f a c e  o f  th e  m as to id  p r o c e s s .
The p a r o c c i p i t a l  p ro c e ss  i s  broad and f l a t t e n e d  a t  
i t s  b a s e ,  long and narrow  tow ards th e  t i p ,  and d i r e c te d  
a lm o st s t r a i g h t  p o s t e r i o r l y .  T h is  p ro c e ss  i s  l a r g e r  and 
more in d ep e n d en t  o f  t h e  b u l l a  th a n  i s  t y p i c a l  f o r  th e  
o t h e r  C a rn iv o ra  exam ined. A c r e s t  c o n n ec ts  th e  l a t e r a l  
m argin o f  th e  p a r o c c i p i t a l  p ro c e s s  w ith  th e  m astoid 
p r o c e s s ,  so  t h a t  a s h e l f  l a t e r a l  to  t h e  b u l l a  i s  form ed.
I n t r a c r a n i a l  Morphology
No specimen d e f i n i t e l y  r e f e r a b l e  to  Nimravus and 
showing th e  i n t r a c r a n i a l  s u r f a c e  of t h e  basic ran iu m  was 
a v a i l a b l e  f o r  s tu d y .
HOPLOPHONEUS
Based in  d e t a i l  on AMNH 1406 <1 5 r ) ,  AMNH 38981 (1> , F:AM 
62022 (1 ) ,  F:AM 62078 (1 & i n t e r n a l ) ,  FrAM 69417 ( 1 ) .  AMNH 
82440 (1 & i n t e r n a l )  , and F:AM 102387 (1) .
Tympa n ic  F lo o r :  A u d ito ry - B u lla
E c to ty m p an ic . —AMNH 1406. F:AM 69417, and 102387 
r e t a i n  one or both e c to ty m p a n ic s  in  p la c e ;  AMNH 82440 has
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t h e  a n t e r i o r  and d o r s a l  p o r t io n s  in  p la c e  and a broken 
p a r t  o f  th e  v e n t r a l  ec to ty m p an ic  p r e s e n t  bu t  d i s p la c e d .
The a n t e r i o r  c ru s  i s  broad and e lo n g a t e ,  a rc h in g  o v e r  th e  
e x t e r n a l  a u d i to ry  m eatus . A gap o f  s e v e r a l  m i l l im e te r s  
s e p a r a t e s  th e  h o r i z o n t a l  a n t e r i o r  c ru s  from th e  t i p  of th e  
s h o r t ,  v e r t i c a l  p o s t e r i o r  c r u s .
The p lane  d e f in e d  by th e  edge of th e  c r i s t a  tym panica 
i s  n e a r ly  v e r t i c a l ,  and a t  an a n g le  o f  a p p ro x im a te ly  60 
d e g re e s  from th e  s a g i t t a l  p l a n e .  T h is  i s  much more 
t r a n s v e r s e l y  p la c e d  th an  in  D i n i c t i s  o r  even Nimravus. 
w ith  th e  r e s u l t  t h a t  (as Hough, 1953: 99 c o r r e c t l y  
ob se rv ed )  th e  meatus fa c e s  as  much forw ard  a s  l a t e r a l l y ,  
i n t o  th e  p o s t e r i o r  w a l l  of th e  p o s tg le n o id  p ro c e s s .
Because th e  w id th  of th e  c r i s t a  tym panica i s  g r e a t e r  
a n t e r i o r l y  and v e n t r a l l y ,  th e  p lan e  formed by th e  bony 
edge o f  t h e  e x t e r n a l  a u d i to ry  meatus i s  l e s s  v e r t i c a l  and 
l e s s  t r a n s v e r s e l y  p la c e d ,  be ing  on ly  abou t 45 d e g re es  from 
s a g i t t a l ,  fl ve ry  low p o r t io n  o f  th e  c r i s t a  tym panica 
e x te n d s  d ia g o n a l ly  a c r o s s  th e  a n t e r i o r  c r u s ,  to  i t s  
p o s t e r o l a t e r a l  c o r n e r .
No o sseo u s  e x t e r n a l  a u d i to r y  m ea ta l  tu b e  i s  p r e s e n t .  
The o v a l  e x t e r n a l . a u d i to ry  meatus i s  s l i g h t l y  w ider than 
th e  a u d i to r y  n o tc h ,  bu t  because  o f  t h e  a n g le  a t  which i t  
i s  p la c e d ,  th e  meatus ex tends  o n ly  s l i g h t l y  p a s t  t h e  
p o s t e r i o r  s u r f a c e  of the  p o s tg le n o id  p r o c e s s .
The broadened a n t e r i o r  c r u s  may be p a r t i a l l y  fu sed  to
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t h e  squam osal: most specim ens r e t a i n  t h i s  fragm ent of
e c to ty m p an ic  i n  p l a c e .  A few o th e r  specim ens in  t h e  
American Museum c o l l e c t i o n s  w ith  t h i s  a re a  f r e e  from 
m a tr ix  a r e  l a c k in g  t h e  ec to ty m p an ic  e n t i r e l y ;  none of 
th e s e  specim ens show any c o n c a v i ty  n e a r  th e  p o s tg le n o id  
foramen t h a t  m ight r e c e i v e  th e  a n t e r i o r  c r u s ,  bu t F:AM 
62022 has a w e ll  d e f in e d ,  c i r c u l a r  d e p re s s io n  t h a t  would 
have u n d e r la in  t h e  p o s te ro m e d ia l-m o s t  c o rn e r  o f  t h e  
a n t e r i o r  c r u s ,  in c lu d in g  th e  p ro c e s s u s  t u b a r i u s ,  which may 
be q u i t e  l a r g e  i n  some form s ( e . g . ,  F:AM 102 387). As in  
t h e  o th e r  n im ra v id s ,  th e  end o f  th e  a n t e r i o r  c ru s  l i e s  
j u s t  p o s te ro m e d ia l  t o  th e  p o s tg le n o id  foram en.
In  most spec im ens , a l a r g e  p ro c e ss u s  t u b a r i u s  ex tends  
m e d ia l ly  from th e  a n t e r i o r  c r u s ,  a long th e  a n te ro m e d ia l  
margin o f  th e  ep ity m pan ic  r e c e s s .  T h is  p ro ce ss  i s  b roader 
th an  i n  D i n i c t i s  o r  N im ravus. and much l i k e  t h a t  o f  
Nimravus in  hav ing  an oblong b u lb  a t  i t s  m edial en d .
The p o s t e r io r  c r u s  i s  s h o r t ,  r e s t i n g  in  a sm a ll  
c o n c a v i ty  in  a v e r t i c a l  r id g e  on th e  a n te ro m e d ia l  edge of 
t h e  m asto id  p ro c e s s ,  v i s i b l e  in  FrAM 62078. In  F:AM 
69417, th e  c ru s  i s  c l e a r l y  in  p l a c e ,  a r t i c u l a t i n g  w ith  
t h i s  r i d g e .  A much b ro a d e r  and mere c o - o s s i f i e d  s u tu r e  
u n i t e s  t h e  p o s t e r io r  c ru s  w ith  th e  a n te ro m e d ia l  edge of 
t h e  m asto id  p ro c e ss  i n  F:AM 102387, a p p a r e n t ly  
c o n t r i b u t i n g  i n  t h i s  specim en t o  th e  a n t e r i o r  w a l l  c f  t h e  
f a c i a l  c a n a l .  Im m ediately  l a t e r a l  t o  th e  d o r s a l  t i p  o f
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t h e  p o s t e r i o r  c r u s ,  in  t h e  squam osal ro o f in g  th e  e x t e r n a l  
a u d i to r y  m eata l c a n a l ,  t h e r e  i s  sometimes a sha llow  but 
w e l l  d e f in e d  f o s s a ,  i n  th e  p o s i t i o n  o f  th e  much d e e p e r  
su p ra m e a ta l  f o s s a  o f th e  P ro c y o n id a e .  T h is  fo s sa  i s  
p r e s e n t  in  f i v e  of t h e  specim ens I  s tu d ie d  in  d e t a i l ,  
q u e s t io n a b ly  p re s e n t  in  a s i x t h  ( th e  p o s t e r i o r  c ru s  i s  
d i s p la c e d  in  AMNH 82440 and t o g e t h e r  w ith  m a tr ix  a p p e a rs  
t o  be o b sc u r in g  such a f o s s a ) , and c l e a r l y  a b se n t  i n  th e  
s e v e n th ,  th e  l a r g e s t  (F:AM 102387).
V e n tra l  and m ed ia l e x p an s io n  o f  th e  ec to ty m p an ic  
o c c u rs  a n t e r i o r l y ,  p ro d u c in g  a broadened p l a t e .  
P o s t e r i o r l y ,  t h e  amount o f expansion  l e s s e n s  u n t i l  a t  th e  
p o s t e r o l a t e r a l  c o rn e r  o f  th e  e c to ty m p a n ic ,  th e  tympanic 
r i n g  i s  o n ly  s l i g h t l y  expanded , and th e  v e n t r a l  edge  
f l a t t e n e d  h o r i z o n t a l l y  i n s t e a d  of v e r t i c a l l y  expanded. As 
in  more com plete  e c to ty m p a n ic s  i n  D i n i c t i s  and Nim ravus. 
t h e  p o s t e r i o r  p a r t  o f  th e  v e n t r a l  edge in  F:AM 69417 does 
a p p e a r  n e a r ly  com ple te , ' and do es  show a broadened f a c e t  a s  
i f  i t  a r t i c u l a t e d  w ith  a c a r t i l a g i n o u s  b u l l a .  F:AM 102387 
a l s o  has a broadened v e n t r a l  m argin on th e  p o s t e r i o r  
s e c t i o n  o f  th e  e c to ty m p a n ic ,  b u t  in  t h i s  c a se  the  margin 
i s  s u l c a t e .
A n te ro m e d ia l ly ,  th e  ec to ty m p a n ic  i s  expanded 
h o r i z o n t a l l y ,  forming a bony t ro u g h  f o r  th e  a u d i to r y  tu b e ,  
and th e re b y  t h e  a n t e r i o r  m argin o f  th e  b u l l a .  In  F:AM 
69417, t h e  v e n t r a l l y  expanded p l a t e  o f  th e  ec to ty m p an ic
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does n o t  ex tend  th e  e n t i r e  l e n g th  o f  t h i s  ec to ty m pan ic  
p r o c e s s ,  th u s  le a v in g  a s l i g h t  e m a rg in a t io n  a n t e r i o r l y  a s  
in  D i n i c t i s  o r  Nim ravus.  The end o f  t h e  o sseo u s  a u d i to r y  
tu b e  i n  F:AM 69417 i s  r a t h e r  p roduced , su g g e s t in g  a 
s t y l i f o r m  p ro c e s s ,  b u t  i s  d i r e c t e d  more v e n t r a l l y  th an  i s  
t y p i c a l .  In  t h i s  specim en , t h e  an te ro m ed ia l-m o s t p a r t  o f  
t h e  ec to ty m p an ic  i s  s e p a r a te d  from th e  b a s isp h e n o id  w all 
m e d ia l ly  by what a p p e a rs  t o  be a fragm ent o f  th e  a n t e r i o r  
h a l f  o f  en to ty m p an ic .  Because o f  damage in  t h i s  r e g io n ,  
however, a b a s isp h e n o id  c o n t r i b u t i o n  to  th e  bone between 
th e  m ed ia l w a ll  and t h e  o sseous  c a n a l i s  m u scu lo tu b a r iu s  
can n o t be c o n c lu s iv e ly  r u le d  o u t .
In  c o n t r a s t ,  th e  a n te ro m e d ia l-m o s t  e x te n t  of th e  
ec to ty m p an ic  i n  AMNH 82440 a b u ts  a sm a ll  l a t e r a l  p ro c e s s  
from t h e  b a s isp h e n o id  (see  F ig u re  3 8 ) .  T h is  s e c t io n  of 
th e  ec to tym pan ic  i s  g r e a t l y  e m a rg in a te ,  a c o n d i t io n  
ex ag g e ra ted  by th e  v e n t r a l  e x te n s io n  o f  th e  a n t e r i o r  t i p .  
T h is  e x te n s io n  does n o t  ap p ea r  so  c l e a r l y  t o  be a 
s ty l i f o r m  p ro ce ss  because  i t  form s in s t e a d  t h e  l a t e r a l  
w a l l  o f  a v e r t i c a l  c a n a l  m ostly  e n c lo sed  in  b a s isp h en o id  
and presumably f o r  an a n a s to m o tic  ramus from an a scen d in g  
p h a ry n g e a l  a r t e r y  ru n n in g  up to  th e  i n t e r n a l  c a r o t id  
fo ram en. T h is  bony tro u g h  o r  c a n a l  i s  very  w ell  marked in  
AMNH 82440 (F igure  3 8 ) ,  showing t h a t  i t s  c o n te n ts  were 
headed a n t e r i o r l y  j u s t  behind th e  a n t e r i o r  margin o f  th e  
b a s isp h e n o id  b u t t r e s s  a t  t h e  a n t e r i o r  end o f  th e  b u l l .
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th e n  tu rn ed  s h a r p ly  d o r s a l l y  and even p o s t e r i o r l y  t o  run 
in  a ch an n e l on th e  v e n t r a l  s u r f a c e  o f  t h e  ep ity m p an ic  
wing o f  th e  sp h e n o id ,  toward t h e  i n t e r n a l  c a r o t id  foram en. 
F:AM 69417 s i m i l a r ly  shows a foramen d e f in e d  by a curved 
margin in  th e  spheno id  and th e  a n t e r i o r  s u r f a c e  o f  th e  
b u l l a r  w a ll  ( e i t h e r  a b a s isp h e n o id  p r o j e c t i o n  o r  a p iece  
o f  en to tym pan ic  a s  m entioned a b o v e ) , a g a in  head ing  
d o r s a l ly  i n t o  th e  c h an n e l  in  t h e  sp h en o id .
A ll  specim ens w ith  t h i s  ep ity m pan ic  wing o f  th e  
sphenoid  exposed show a w ell  marked s u lc u s  j u s t  m ed ia l to  
t h e  groove f o r  th e  p te r y g o id  n e rv e ,  and end ing  v e n t r a l l y  
in  a c u l - d e - s a c  j u s t  d o r s a l  t o  t h e  b u t t r e s s  of th e  
b a s is p h e n o id .  In  t h e  very  l a r g e  specimen numbered F:AM 
102387, th e  a n t e r i o r  p a r t  o f  t h e  b u l la  i s  more com plete , 
and th e  ec to ty m pan ic  a b u ts  th e  in tu rn e d  edge of th e  
b u t t r e s s  o f  t h e  b a s is p h e n o id .  Here t h e  t ro u g h  f o r  th e  
a u d i to ry  tu b e  has deepened , so th e  v e n t r a l  l i p  i s  drawn 
down a lm ost i n t o  a sp o u t  o r  l i p  l i k e  t h a t  o f  a p i t c h e r .  
D o rsa l ly  th e  a u d i to r y  tu b e  would have passed  th roug h  t h i s  
a p e r t u r e ,  but v e n t r a l l y  i t  a p p ea rs  to  be shaped t o  
accomodate a f a i r l y  l a r g e  v e s s e l  coming from below and 
d iv in g  up and p o s t e r i o r l y  to  th e  channel in  the 
b a s isp h e n o id  above t h e  e n to ty m p an ic .
Ento tym pan ic . —No specimen o f  Hoplophoneus y e t  
d is c o v e re d  has a c o m p le te ly  e n c lo s e d ,  f u l l y  o s s i f i e d  
b u l l a .  Even i n  specim ens t h a t  appear  t o  be o th e rw ise  w e ll
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p r e s e rv e d ,  such a s  F:AM 69417 which has hyoid  e le m e n ts  
p r e s e r v e d ,  t h e r e  a re  no t even frag m en ts  v e n t r a l l y  t h a t  
cou ld  be i n t e r p r e t e d  as  th e  rem ains  o f  a f r a g i l e  b u l l a .  
I n s t e a d ,  th e  p ie c e s  o f  en to tym pan ic  t h a t  a re  p re se rv e d  
form o n ly  dorsom ed ia l and p o s t e r i o r  m argins c f  th e  b u l l a .  
These p ie c e s  a r e  t h i c k  and d o u b le - la y e re d :  as in  Di n i c t i s  
and Nim ravus. t h i n  s h e e t s  o f bone sandwich a t h i c k e r  l a y e r  
o f  m a tr ix  and open c a n c e l lo u s  bone .
In  F:AM 69417, p a r t  o f  t h e  a n t e r i o r  end of t h e  
en to tym pan ic  i s  p r e s e rv e d ,  but n o t  enough o f  th e  a n t e r i o r  
margin t o  d em o n s tra te  c o n c lu s iv e ly  whether a p a r t i a l  
p a r t i t i o n  o r  septum (as in  E i n i c t i s )  was o r  was n o t  
p r e s e n t .  In  F:AM 102387, th e  a n t e r i o r  m argin o f  t h e  
e n to tym pan ic  c u rv e s  l a t e r a l l y  where i t  i s  p re se rv e d  
d o r s a l l y .  V e n t ra l ly  i t  i s  m is s in g ,  and th e  ec to tym pan ic  
t h a t  a p p e a rs  t o  have a b u t te d  th e  v e n t r a l  p o r t io n  o f  th e  
en to tym pan ic  i s  l e f t  s t a n d in g ,  lo ck in g  i n i t i a l l y  l i k e  a 
p a r t i a l  sep tum . However t h i s  i s  th e  p o s te ro m e d ia l  wall o f  
t h e  o sseo u s  c a n a l i s  m u sc u lo tu b a r iu s , and would be o u t s id e  
t h e  b u l l a  a t  t h i s  p o in t  were th e  en to tym pan ic  more 
co m p le te .
The m edial en to tym pan ic  w a l l  in  F:AM 69417 and AMNH 
82440 d i s p la y s  no t r a c e  of a channe l o r  c a n a l  f o r  a medial 
i n t e r n a l  c a r o t id  a r t e r y .  I n s t e a d ,  more l a t e r a l l y ,  th e r e  
i s  a s h o r t  tu b e  in  t h e  en to tym pan ic  o f  AMNH 82440 f o r  a 
l a t e r a l l y  p laced  i n t e r n a l  c a r o t id  a r t e r y  (F igu re  3 8 ) .  A
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d i s t i n c t  foramen i s  p r e s e n t  in  th e  same p o s i t i o n  in  the  
p o s t e r i o r  w all  o f  F:AM 69417*s e n to ty m p an ic .
The en to tym pan ic  in  bo th  F:AM 69417 and AMNH 82440 
form s m ed ia l ly  a long d o r s a l  s h e l f ,  o v e r la p p in g  t h e  
promonto-rium and p r o j e c t i n g  backwards ove r  th e  p o s t e r i o r  
l a c e r a t e  foram en. (S in c e  Hough*s specim ens did n o t  have 
f u l l y  o s s i f i e d  b u l l a e  p re s e rv e d  e i t h e r ,  I  presume t h a t  i t  
i s  t h i s  d o r s a l  s h e l f  t o  which sh e  r e f e r r e d  when sh e  sa id  
” b u t t h e  f l o o r  i s  f l a t t e n e d  g iv in g  a p i l l b o x  shape” (1953: 
9 9 ) . )  I n  n e i t h e r  F:AM 69417 nor AMNH 82440 i s  th e  
p o s t e r i o r  w a ll  p re s e rv e d  l a t e r a l l y ,  b u t  t h e r e  i s  a l a r g e ,  
sm ooth, s l i g h t l y  f l a t t e n e d  fa c e  on th e  m edia l s i d e  c f  th e  
m as to id  p ro c e s s  in  b o th  sp e c im en s ,  w ith  a w e l l  d e f in e d  
v e n t r a l  edge on th e  e x o c c i p i t a l ,  form ing a f a c e t  a g a i n s t  
which an o s s i f i e d  en to tym pan ic  m ight have l a i n .  (The 
v e n t r a l  l i m i t  o f t h i s  f a c e t  on t h e  s i d e  o f  t h e  m asto id  
p ro c e s s  i s  not n e a r ly  so  c l e a r . )  However, i n  c o n t r a s t  to  
t h e  i m p l i c a t i o n s  o f  su ch  f a c e t s ,  th e  broken edge o f  the  
d o r s a l  p o r t io n  o f  th e  en to ty m p an ic  p r e s e n t  in  F:AM 69417 
im p l i e s  by i t s  a n g le  and s e p a r a t io n  from t h e  a d ja c e n t  
e x o c c i p i t a l  t h a t  th e  rem ainder  o f  th e  p o s t e r i o r  
en to tym pan ic  would have been v e n t r a l l y  d i r e c t e d  and would 
n o t  have been c lo s e ly  a p p re s se d  t o  th e  n e ig h b o r in g  m asto id  
o r  e x o c c i p i t a l  e le m e n ts .  Indeed  most o f  th e  rem ain in g  
specim ens show l e s s  c l e a r  cupping  o f  a b u l l a r  sp ace  by th e  
ad j a c e n t  b o nes .
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The o th e r  ex trem e i s  a l s o  p r e s e r v e d ,  however i n  F:AM 
102387. (I  do n o t  u se  t h e  name a s s ig n e d  t h i s  specim en in  
t h e  c o l l e c t i o n  because  F:AM 62022 i s  a l s o  l a b e l l e d  H. 
o c c i d e n t a l i s  and i s  much s m a l l e r  and w ith  a very  d i f f e r e n t  
a u d i to r y  r e g io n .  The two a r e  v e ry  u n l ik e l y  to  be 
c o n s p e c i f i c ,  and I  do n o t  know w ith  w h ich , i f  e i t h e r ,  t h e  
name shou ld  go .)  In  th e  v e ry  l a r g e  n im rav id  r e p re s e n te d  
by F:AM 102387, th e  a u d i to r y  b u l l a  was a c t u a l l y  cupped by 
t h e  expanded m asto id  p ro c e s s .  The en to tym pan ic  i n  t h i s  
specimen i s  ve ry  t h i c k ,  and c u rv e s  co m p le te ly  around th e  
p o s t e r i o r  margin t o  j o i n  th e  hyoid  p ro c e s s  a n te ro m e d ia ly  
t o  th e  f a c i a l  c a n a l .  A c r i s t a  e x te n d s  from th e  p o s t e r i o r  
w a ll  o f t h e  en to ty m p an ic  t o  th e  prom ontorium , a f e a t u r e  
n o t  found in  any o f  t h e  o th e r  Hoplophoneus. nor in  
Nimravus o r  D i n i c t i s . What a p p e a rs  t o  be th e  p o s t e r i o r  
end o f a c a n a l  ly in g  between th e  in n e r  and o u t e r  s k in  o f 
t h e  en to ty m pan ic  a lo n g  th e  m ed ia l s i d e  o f  th e  b u l l a  i s  
l i k e l y  t o  be an a r t i f a c t  o f  p re v io u s  in co m p le te  and h a s ty  
p r e p a r a t i o n ;  a d d i t i o n a l  c a r e f u l  p r e p a r a t io n  i s  needed on 
t h i s  specimen to  r e s o lv e  t h i s  q u e s t io n .
Tympanic Roof
The a u d i to r y  c a v i ty  in  Hoplophoneus v a r i e s  from 
m o d era te ly  deep and l a t e r a l l y  com pressed ( e . g .  F:AM 62022, 
62078, 69417) to  ex trem e ly  deep and com pressed (AMNH 1406, 
82440, F:AM 102387). In  bo th  c a s e s ,  t h e  a n te r io r - m o s t
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p a r t  o f  th e  a u d i to ry  re g io n  i s  so f a r  a n t e r i o r  t h a t  i t  i s  
on a l e v e l  w ith  t h e  p o s tg le n o id  p ro c e s s .
P e t r o s a l . —The p e t r o s a l  i s  r a t h e r  sm a ll  and compact 
in  t h i s  genus, w ith  a s m a l l ,  bu lbous promontorium. At 
l e a s t  o n e - th i r d  t h e  w id th  o f  th e  p e t r o s a l  i s  overlapped  by 
t h e  m edia l e n to ty m p an ic ,  a s  i s  a v a r i a b le  b u t  l a r g e  p a r t  
o f  th e  promontorium p o s t e r i o r l y .  AMNH 1406 shows t h a t  th e  
b a s i o c c i p i t a l  a b u ts  t h e  m edial margin o f  th e  p e t r o s a l  
a long  th e  p o s t e r i o r  h a l f  o f  t h a t  m arg in , ro o f in g  o v e r  th e  
p o s t e r i o r  s e c t io n  of t h e  p e t r o b a s i l a r  c a n a l .  
P o s t e r o l a t e r a l l y ,  t h e  prom inent c au d a l  p ro c e s s  of th e  
p e t r o s a l  p r o j e c t s  v e n t r a l l y  from a f l a t t e n e d  re g io n  cf th e  
p e t r o s a l ,  m e d ia l ly  w a l l s  o f f  th e  f a c i a l  c a n a l ,  and abu ts  
th e  hyoid p ro c e ss  from th e  m asto id  (shown c l e a r l y  i n  both 
AMNH 82440 and F:AM 6S417) .
The a p e r tu r e  of th e  c o c h le a r  f o s s u la  f a c e s  
p o s t e r o l a t e r a l l y  and r a t h e r  v e n t r a l l y .  In  seme specim ens 
( e .g .  AMNH 82440 and F:AM 69417), a sh a l lo w  channel a c ro s s  
t h e  p o s t e r i o r  fac e  o f  t h e  promontorium ru n s  i n to  t h e  
m edial w all o f  t h e  c o c h le a r  f o s s u l a .  In  o t h e r s ,  no such 
chann e l  i s  p r e s e n t .  The v e s t i b u l a r  f e n e s t r a  f a c e s  
a n t e r o l a t e r a l l y ,  and i s  p o s i t io n e d  r a t h e r  d o r s a l l y ,  as  in  
D i n i c t i s  and N im ravus.
F a i n t  l o n g i t u d i n a l  g rooves a r e  v i s i b l e  a c ro s s  th e  
p rom ontoria  o f  AMNH 82440 and F:AM 69417. The grooves in  
th e s e  two specim ens ap p ea r  to  swing m e d ia l ly  on t h e
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a n te r o v e n t r a l  fa c e  o f  th e  prom ontorium . I n  c o n t r a s t ,  a 
b ro a d ,  sha llow  s u lc u s  on th e  promontorium in  F:AM 1C2387 
i s  p o s i t io n e d  very  f a r  l a t e r a l l y  and i s  aimed d i r e c t l y  a t  
t h e  v e s t i b u l a r  f e n e s t r a ,  a s  i f  f o r  a s t a p e d i a l  a r t e r y .  
(T h is  channel i s  in  l i n e  w ith  a p e c u l i a r  channe l th roug h  
th e  m ed ia l  margin of th e  l a r g e  m asto id  p r o c e s s . )  In  t h i s  
specim en , t h e r e  i s  a l s o  a more m e d ia l ,  b u t  much l e s s  w ell  
d e f in e d ,  groove on t h e  promontorium.
F i n a l l y ,  in  F:AM 62078, t h e r e  i s  a s m a l l ,  very sharp  
s u lc u s  aimed from th e  p o s t e r i o r  margin o f  t h e  p e t r o s a l  
a c r o s s  t h e  a p e r tu r e  o f  th e  c o c h le a r  f o s s u l a ,  and c o n tin u ed  
by a s u lc u s  between t h e  l a t t e r  and th e  v e s t i b u l a r  
f e n e s t r a ,  a s  i f  f o r  a s t a p e d i a l  a r t e r y .  (F a r th e r  o n ,  in  
th e  a n t e r i o r  w a l l  of th e  e p ity m p an ic  r e c e s s  i s  a sm a ll  
foramen a s  i f  f o r  a s u p e r io r  ramus of th e  s t a p e d i a l  
a r t e r y . )  .
AMNH 82UU0 and F:AM 62078 show l i t t l e  o r  no 
development o f  an ep itym pan ic  wing m e d ia l ly  from th e  
p e t r o s a l ,  l e a v in g  a ve ry  wide p i r i f o r m  f e n e s t r a  between 
th e  p e t r o s a l  and sp h en o id .  L a t e r a l l y ,  t h e  tegmen tympani 
a b u ts  th e  squam osal, and c o n ta in s  on i t s  v e n t r a l  s u r f a c e  a 
n e a r ly  ro u n d , m odera te ly  deep , and v e ry  w ell d e f in e d  f o s s a  
m u s c u la r is  m ajo r . F a r th e r  l a t e r a l l y ,  th e  p e t r o s a l  
c o n t r i b u t e s  a sm all  m edial p o r t io n  of th e  ro o f  o f th e  
m o d era te ly  s iz e d  ep itym p an ic  r e c e s s .
Sp hen o id . —A l a r g e  ep itym pan ic  wing o f  th e  sphenoid
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o v e r l i e s  th e  a n te ro m e d ia l  e c to ty m p a n ic .  T h is  wing has a 
sm ooth, f i n i s h e d  p o s t e r i o r  edge in  AMNH 82440, s t r o n g ly  
i n d i c a t i n g  t h a t  t h e  l a r g e  p i r i fo rm  f e n e s t r a  in  t h a t  
specimen i s  n o t  an a r t i f a c t  o f  e i t h e r  p r e s e r v a t io n  o r  
p r e p a r a t i o n .
S e v e ra l  f a i n t  g roo ves  run a c ro s s  th e  v e n t r a l  s u r f a c e  
o f  t h i s  ep ity m p an ic  w ing. A sm a ll  bu t d i s t i n c t  p te ry g o id  
groove l i e s  l a t e r a l  t c  a l a r g e r ,  more open channe l running  
from th e  foramen in  t h e  b a s isp h e n o id  a t  th e  a n te ro m ed ia l  
c o rn e r  o f  th e  b u l l a  (F ig u re  38) to  th e  m ed ia l  p o r t io n  of 
t h e  p i r i f o r m  f e n e s t r a .  The p te ry g o id  groove i s  presumed 
to  have c a r r i e d  th e  p te ry g o id  a r t e r y  o r  n e rv e  o r  b o th .  I  
th in k  th e  l a r g e r  ch an n e l  may have c a r r i e d  an a n as to m o tic  
ramus from an a sce n d in g  pharyngeal a r t e r y ,  o r  com parable 
v e s s e l ,  th ro u g h  th e  i n t e r n a l  c a r o t i d  foramen (here  
c o n f lu e n t  w ith th e  p i r i f o r m  f e n e s t r a )  t o  th e  i n t e r n a l  
c a r o t i d  c i r c u l a t i o n .
Squam osal. —The a n t e r i o r  w a ll  of th e  tympanic c a v i ty  
i s  com pleted l a t e r a l l y  by th e  squam osal. The g r e a t e r  p a r t  
o f  th e  ep itym pan ic  r e c e s s  i s  c o n ta in e d  w i th in  th e  
squam osa l, in c lu d in g  th e  deeper secondary  p ocket f o r  th e  
p o s t e r i o r  c ru s  o f  th e  in c u s  and th e  su sp en so ry  l ig a m e n t .
In  F:AM 62078, d i s s e c t e d  so  t h a t  th e  l a t e r a l  p a r t  o f  th e  
tym panic ro o f  as  w e ll  a s  th e  i n t r a c r a n i a l  s u r f a c e  i s  more 
v i s i b l e  and more e a s i l y  p re p a re d ,  th e  secondary  po cket 
w i th in  t h e  ep ity m p an ic  r e c e s s  i s  c l e a r l y  v i s i b l e .  There
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i s  a l s o  a s m a l l  fo ram en , o f  a p p ro x im a te ly  t h e  same c a l i b e r  
a s  t h e  foramen and s u l c i  f o r  th e  middle menir.geal a r t e r i e s  
i n t r a c r a n i a l l y ; t h i s  foramen cou ld  be f o r  t h e  s u p e r io r  
ramus o f  t h e  s t a p e d i a l  a r t e r y  i f  one were p r e s e n t  i n  th e  
s u lc u s  a c ro s s  th e  prom ontorium .
In  th e  p o s t e r i o r  h a l f  of th e  d o r s a l  ro o f  o f  t h e  
tym panic n o tc h ,  a sh a l lo w  d e p re ss io n  in  most specim ens 
su g g e s ts  th e  p re s e n c e  of a su p ram ea ta l  f o s s a .  T h is  can be 
c l e a r l y  seen  i n  F:AM 62078, d o r s o l a t e r a l  and a n t e r i o r  to  
t h e  p i t  f o r  th e  p o s t e r i o r  c ru s  o f  th e  e c to ty m p a n ic ,  as 
w e ll  a s  in  F:AM 69417, in  which th e  p o s t e r i o r  c ru s  appears  
to  be c o m p le te .  T h is  l a t t e r  specimen p ro v id e s  ev idence  
t h a t  r u l e s  o u t t h e  p o s s i b i l i t y  o f  t h i s  d e p re s s io n  being 
p a r t  o f  a l a r g e r  c o n ta c t  between th e  p o s t e r i o r  c ru s  and 
t h e  m asto id  a s  i s  t h e  c a se  in  D i n i c t i s .
The l a t e r a l  f l a n g e  o f  th e  squam osal d o r s a l  t o  the  
e x t e r n a l  a u d i to r y  m eatus i s  s l i g h t l y  b ro a d e r  in  
Hoplophoneus th a n  in  D i n i c t i s  o r  Nimravus. and much 
b ro ad e r  in  th e  l a r g e ,  a b e r r a n t  form r e p r e s e n te d  by F:AM 
102387. (This in c r e a s e d  width i s  no t s im ply  a s s o c ia te d  
w ith  in c re a s e d  s a b e r to o th y  and p e d e s t a l l i n g  c f  th e  g len o id  
f o s s a ,  o r  s im ply  in c r e a s e d  s i z e ,  because B a rb o u ro fe l is  i s  
even more ex trem e in  th e s e  f e a t u r e s  and y e t  does n o t  show 
th e  b roaden ing  o f  th e  squamosal f l a n g e . )
P r in c ip a l  Tympanic Spaces and Foramina
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Although d i f f i c u l t  t o  e s t im a te  b e ca u se  c f  th e  
in c o m p le te  p r e s e r v a t io n  of th e  e n to ty m p a n ic ,  th e  t o t a l  
b u l l a r  volume a p p ea rs  t o  have been r a t h e r  sm a ll  f o r  the  
s i z e  o f  t h e  s k u l l .  T h is  e s t im a te  i s  based on th e  
i n c l i n a t i o n  o f  th e  ec to ty m p an ic  p l a t e  and th e  a p p a re n t  
l a c k  o f  i n f l a t i o n  p o s t e r i o r l y  i n  AMNH 1H06 and F:AM 69U17. 
(See e a r l i e r  d i s c u s s io n  of th e  en to ty m pan ic  on p. 272.)
Tympanic c a v i t y . —In  s p i t e  o f  th e  a p p a re n t ly  sm a ll  
b u l l a r  volume, th e  tym panic  c a v i t y  p ro p e r  i s  m oderate ly  
l a r g e  because c f  th e  dep th  of t h e  a u d i to r y  c a v i ty ,
e s p e c i a l l y  so in  F:AM 102387.
Ep itym p an ic  r e c e s s . —T his  c i r c u l a r  c o n ca v ity  i s  
deep e r  in  Hooiophoneus th an  in  D i n i c t i s  o r  Nim rav u s . and 
to  a g r e a t e r  d e g re e — alm o st e n t i r e l y — c o n ta in e d  w i th in  th e  
sq u am o sa l.  A deeper secondary  pocket a t  th e  edge o f  th e  
squam osal p ro bab ly  c o n ta in e d  th e  p o s t e r i o r  c ru s  o f th e  
in c u s  and i t s  su sp en so ry  l ig a m e n t .  I n  th e  s u tu re  between 
t h e  p e t r o s a l  and squam osal, F:AM 62078 d i s p l a y s  a sm a ll  
foramen in  an a p p r o p r i a te  p o s i t i o n  f o r  th e  s u p e r io r  ramus 
o f a s t a p e d i a l  a r t e r y .  A co rre sp o n d in g  foramen i n t o  the  
g rooves  f o r  t h e  m eningeal a r t e r i e s  has been only  
t e n t a t i v e l y  rec o g n ize d  on th e  d o r s a l  s u r f a c e  of th e  
squam osal i n  t h i s  sp e c im e n ) .
P o s t e r i o r  l a c e r a t e  and a d ja c e n t  fo ra m in a . —The 
p o s t e r i o r  l a c e r a t e  foramen i s  p o s i t io n e d  q u i t e  l a t e r a l l y
a lo n g  th e  p o s t e r i o r  margin of th e  a u d i to r y  c a v i t y .  I t s
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a n t e r i o r  margin i s  d e f in e d  d o r s a l ly  by th e  p o s t e r i o r  rim 
o f  th e  p e t r o s a l  and v e n t r a l l y  by th e  en to ty m p an ic ,  and i t s  
p o s t e r i o r  margin by th e  o c c i p i t a l  bone. Two d i s t i n c t  
c h an n e ls  a r e  p r e s e n t  in  th e  o c c i p i t a l  w a ll  o f  t h i s  foramen 
in  AMNH 82QU0—a l a t e r a l  one th ro ugh  which th e  c a n a l  fo r  
th e  sigm oid s in u s  o p e n s ,  and a m ed ia l one opening d i r e c t l y  
from t h e  i n t e r i o r  o f th e  b r a in c a s e .  Presumably th e  
l a t e r a l  channe l t r a n s p o r t e d  th e  c o n t r i b u t io n  from t h e  
sigm oid  s in u s  to  th e  i n t e r n a l  ju g u la r  v e in ,  whereas the  
m edial channel c a r r i e d  n e rv e s  IX , X, and XI.
M edial t o  th e  p o s t e r i o r  l a c e r a t e  foramen and w ith in  
th e  b a s i o c c i p i t a l  i s  th e  p o s t e r i o r  end o f  t h e  p e t r o b a s i l a r  
c a n a l .  As in  Nimravus and D i n i c t i s . t h i s  foramen has  been 
r o i s id e n t i f i e d  f o r  th e  l a s t  c e n tu ry  a s  th e  p o s t e r i o r  
open ing  o f  th e  c a r o t i d  c a n a l  ( e . g . .  Cope, 18 80a; Matthew, 
1910; Hough, 1953; e t c . ) .  AMNH 1«06 shows t h a t  t h e  
channe l ex te n d in g  a n t e r i o r l y  from t h i s  foramen i s  
ex cav a ted  w ith in  th e  l a t e r a l  w a ll  o f  th e  b a s i o c c i p i t a l  
w e l l  d o r s a l  t o  th e  v e n t r a l  s u r f a c e  of th e  promontorium. 
P o s t e r i o r l y  t h e  ch an ne l i s  ro o fed  by a f l a n g e  c f  
b a s i o c c i p i t a l  t h a t  a b u ts  th e  p o s te ro m e d ia l  edge o f  th e  
p e t r o s a l ,  w alled  l a t e r a l l y  by a r id g e  in  th e  o c c i p i t a l ,  
and f lo o r e d  by en to ty m p an ic .  More a n t e r i o r l y ,  th e  channel 
p a s s e s  even more m e d ia l ly  to  th e  d o r s a l  s u r f a c e  o f  th e  
b a s i o c c i p i t a l .  This p a th  i s  c h a r a c t e r i s t i c  c f  a 
p e t r o b a s i l a r  c a n a l  f o r  t h e  i n f e r i o r  p e t r o s a l  venous s i n u s .
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The h y p o g lo ssa l  foramen i s  p o s i t io n e d  behind th e  
p o s t e r i o r  l a c e r a t e  and p e t r o b a s i l a r  fo ra m in a ,  
p o s t e r o l a t e r a l  t o  th e  p e t r o b a s i l a r  foramen and 
p o s te ro m e d ia l  to  th e  p o s t e r i o r  l a c e r a t e  fo ram en . T h is  
foramen i s  d i r e c t e d  q u i t e  v e n t r a l l y  and fo r  t h a t  reason  
a p p ea rs  w e ll  s e p a ra te d  from th e  p o s t e r i o r  l a c e r a t e  
foram en. However F:AM 69417 d i s p la y s  in  i t s  r i g h t  
a u d i to r y  c a v i ty  an o dd , smooth trough  between th e  
p o s t e r i o r  l a c e r a t e  and h y p o g lo ssa l  fo ram in a ,  as i f  th e r e  
had been some s o f t  t i s s u e  c o n n ec tio n  between th e  c o n te n ts  
o f  th e  two c a n a l s .
I n t e r n a l  c a r o t id  foram en. —Because o f  t h e  l a r g e  
p i r i f o r m  f e n e s t r a ,  t h e r e  i s  no d e f in a b le  o sseo u s  i n t e r n a l  
c a r o t id  foram en. I f  my i d e n t i f i c a t i o n  o f  t h e  c a n a l  on th e  
v e n t r a l  s u r f a c e  o f  t h e  sphenoid  i s  c o r r e c t — t h a t  i t  
c a r r i e d  an a n a s to m o tic  ramus from an a scen d in g  pharyngeal 
a r t e r y  t o  th e  i n t e r n a l  c a r o t i d  c i r c u l a t i o n — then  th e  
p o s t e r i o r  end of t h a t  channel g iv e s  an i n d i c a t i o n  t h a t  th e  
i n t e r n a l  c a r o t id  foramen would have been m ed ia l ly  p laced  
w i th in  t h e  membrane r o o f in g  th e  gap , a s  would be e x p e c te d .
P o s t e r i o r  c a r o t i d  fo ram en. — As n o ted  abov e , t h e  
foramen t h a t  i s  i d e n t i f i e d  e lsew here  in  t h e  l i t e r a t u r e  a s  
t h e  p o s t e r i o r  c a r o t id  foramen i s  n o t ;  i t  i s  t h e  
p e t r o b a s i l a r  fo ram en. None o f  t h e  specim ens of 
Hoplophoneus examined in  d e t a i l  has  any t r a c e  o f  a medial 
c a r o t i d  c a n a l  o r  c h a n n e l .  (I dp n o t b e l i e v e  t h e  h o le  dug
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w ith in  t h e  en to ty m p an ic  in  F:AM 102387 to  be good ev id e n ce  
u n t i l  c o r ro b o ra te d  by more c a r e f u l  p r e p a r a t io n * )  The t r u e  
p o s t e r i o r  c a r o t i d  foram en, a c c o rd in g  t o  my i d e n t i f i c a t i o n ,  
had a p p a re n t ly  n o t  been seen  i n  a specim en p r i o r  t o  t h i s  
s tu d y :  p r e p a r a t io n  o f  AMNH 82440 r e v e a le d  a s h o r t  tube
l a t e r a l l y  p laced  in  th e  d o r s a l  h a l f  o f  t h e  p o s t e r i o r  w all 
o f  th e  e n to ty m p an ic ,  runn in g  in  an a n t e r i o r - p o s t e r i o r  
d i r e c t i o n  (F ig u re  3 8 ) .  F:AM 69417 has a sm a ll  foramen in  
a com parable  p o s i t i o n ,  much l i k e  t h a t  seen  in  D in ic t i s  
(AMNH 6937) .
Even s l i g h t l y  more l a t e r a l l y  p lac ed  i s  th e  foramen 
th ro u g h  th e  m ed ia l m argin o f  t h e  g r e a t l y  expanded m astoid  
p ro c e s s  ( r e a l l y  in c lu d in g  th e  p a r c c c i p i t a l  p ro ce ss )  seen 
in  F:AM 102387. T his  foramen a p p e a rs  to  be  in  l i n e  with 
t h e  s u l c u s  on th e  promontorium ( e x t r a p o la t i n g  from th e  
r i g h t  s i d e ,  on which th e  foramen i s  p r e s e r v e d ,  to  t h e  l e f t  
which i s  c o m p le te ly  enough p rep a red  t o  s e e  th e  v e n t r a l  
s u r f a c e  o f  th e  prom ontorium .)
Oth e r  f o r amina and f e n e s t r a e . —At th e  a n te ro m ed ia l  
c o rn e r  o f  th e  a u d i to r y  r e g io n ,  a foramen i s  formed by th e  
b a s isp h e n o id  and b u l l a r  e le m e n ts .  In AMNH 82440, th e  
ch an n e l  and foramen a re  well, d e f in e d  in  th e  b a s isp h en o id  
and a lm o s t  t o t a l l y  e n c lo se d  by t h a t  e le m e n t ;  th e  
a n te ro m e d ia l  end o f  t h e  e c tc ty m p an ic  may c o n t r i b u t e  to  t h e  
a n t e r i o r  m argin o f  t h i s  foramen (F igu re  3 8 ) .  In  F:AM 
69417, t h e  ch an n e l in  th e  b a s isp h e n o id  i s  s h a l lo w e r ,  and
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p a r t i a l l y  w alled  p o s t e r o l a t e r a l l y  by e n to ty m p an ic .  And in  
F:AM 102387, th e  v e n t r a l  e n t r a n c e  to  t h i s  c a n a l  a p p e a rs  t o  
be e n t i r e l y  w i th in  a tro u g h  in  t h e  e c to ty m p a n ic .  I  
i n t e r p r e t e  t h i s  foramen to  be f o r  an a n a s to m o tic  ramus o f  
an a sc e n d in g  p h a ry n g e a l  a r t e r y  o r  com parable  a r t e r y .
As i n  th e  o th e r  n im ra v id s ,  th e  foramen ovale  o f  
Hoplophoneus i s  sunk in  a common oval d e p re s s io n  w ith  th e  
p o s t e r i o r  a p e r t u r e  o f  th e  a l i s p h e n o id  c a n a l .  Hough (1953: 
99) n o ted  t h a t  such an a rrangem en t of th e  two fo ram ina  was 
e x a c t l y  l i k e  t h a t  in  C a n is . e x c e p t  t h a t  th e  o r i e n t a t i o n  o f  
t h e  common fo s s a  i s  more t r a n s v e r s e  i n  th e  l a t t e r .  The 
p o s tg le n o id  foramen i s  p r o p o r t io n a l l y  r a t h e r  sm all  
( c o n t r a ry  t o  Hough's o b s e r v a t i o n s ) ,  and i s  m ed ia l ly  
p o s i t i o n e d .
The a p p a re n t  s ty lo m a s to id  foramen i s  s i t u a t e d  r a t h e r  
d o r s a l l y ,  r e l a t i v e  to  th e  e lo n g a te  m asto id  p r o c e s s ,  and 
p o s t e r i o r  t o  t h e  i n s e r t i o n  of th e  hyoid  a p p a r a tu s .  I t  i s  
n o t  c l e a r  w hether or no t  in  l i f e  a lo n g e r  c a n a l  would have 
been formed by a d d i t i o n a l  b u l l a r  e le m e n ts ,  pe rhaps  
p roduc ing  a mere v e n t r a l  s ty lo m a s to id  foram en.
No c l e a r  c an a l  i s  formed by th e  c au d a l  p ro ce ss  of th e  
p e t r o s a l  f o r  t h e  a u r i c u l a r  b ranch  o f  th e  vagus n e rv e ,  nor 
i s  a c h an n e l  c l e a r l y  v i s i b l e  i n  th e  p o s t e r i o r  w a ll  o f th e  
a u d i to r y  c a v i t y .  Some groov ing  a t  th e  base  o f  th e  m astoid  
p r o c e s s  i n  F:AM 69417 may r e p r e s e n t  such  a c h a n n e l .
A d iacen t Crania). Morphology
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B a s isp h e n o id . —As in  th e  o t h e r  n im ra v id s ,  th e  
b a s isp h e n o id  i n  Hoplophoneus u s u a l ly  forms a t r i a n g u l a r  
b u t t r e s s  a t  t h e  a n te ro m e d ia l  c o rn e r  o f  t h e  b u l l a ,  i n  p la c e  
of th e  a n te ro m e d ia l  p ro c e s s  from th e  en to tym pan ic  t y p i c a l  
i n  o th e r  c a r n iv o r a n s .  (No such b u t t r e s s  i s  p re se n t  in  
F:AM 62022, a l th o u g h  t h i s  i s  a r a t h e r  t y p i c a l  Hoplophoneus 
in  o th e r  r e s p e c t s . )  Hoplophoneus i s  u n u s u a l ,  however, in  
t h a t  t h e  m edial channe l in  th e  ep ity m p an ic  wing o f  th e  
spheno id  sometimes ends v e n t r a l l y  i n  a f a i r l y  w ell  d e f in e d  
foramen in  th e  b a s isp h e n o id  (d e sc r ib e d  a b o v e ) .  J u s t  
p o s t e r i o r  t o  t h i s  foramen in  AMNH 82UU0, t h e r e  i s  a very 
sm a ll  c a n a l  th rough  th e  edge o f  th e  b a s isp h e n o id  t h a t  
p e rh a p s  c a r r i e d  a m ed ia l ly  d i r e c te d  d o r s a l  branch from 
e i t h e r  t h e  a scen d in g  pharyngeal a r t e r y  o r  i t s  a n as to m o tic  
ram us.
B a s icc c i p i t a l . — The l a t e r a l  m argins o f th e  a n t e r i o r  
b a s i o c c i p i t a l  a re  produced i n t o  s h a rp ,  v e r t i c a l  f l a n g e s .  
These a re  pronounced, p roducing  a t r o u g h - l i k e  
b a s i s p h e n o id .  Because of v a r i a b l e  p r e s e r v a t i o n ,  i t  i s  n o t  
c l e a r  how much i n d iv i d u a l  v a r i a t i o n  o c c u rre d  in  t h i s  
f e a t u r e .
L a t e r a l  ma rg in  o f  a u d i to ry  r e g i o n . —D i s t i n c t  
p e d e s t a l l i n g  o f  th e  g le n o id  f o s s a  and hyp ertrophy  o f  th e  
m asto id  p ro c e s s  produces a t a l l  and narrow  tym panic no tch  
in  Hoplophoneus .  A forw ard  i n c l i n a t i o n  o f  th e  m astoid 
p ro c e s s  le a v e s  a s l i g h t l y  w ider nc tch  d o r s a l ly  than
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v e n t r a l l y .  The p o s tg le n o id  p ro c e s s  i s  w ell  developed and 
v e n t r a l l y  d i r e c t e d .
The very  l a r g e  m asto id  p ro c e s s  i s ,  l i k e  th e  
p e d e s t a l l i n g  o f  th e  g le n o id  f o s s a ,  a f e a t u r e  a s s o c ia t e d  
w ith  i n c r e a s in g l y  e x ag g e ra ted  s a b e r to o th y .  In 
Hoplophoneus. th e  u su a l  s q u a r e d - o f f  rug ose  ends o f  th e  
m as to id  p ro c e s s e s  a re  o f t e n  s l i g h t l y  a n t e r i o r l y  o r  
l a t e r a l l y  a s  w e ll  as v e n t r a l l y  d i r e c t e d .  The r e s u l t  of 
t h i s  o r i e n t a t i o n  can be seen  in  AMNH 1406, which i s  
p re s e rv e d  w ith  th e  jaw s i n t a c t  and a r t i c u l a t e d .  Each end 
o f  th e  m asto id  p ro c e ss  c l e a r l y  f a c e s  tow ards th e  
co rre sp o n d in g  a n g u la r  p ro ce ss  o f  th e  low er jaw and th e  
r id g e  e x te n d in g  a n t e r i o r l y  from t h a t  a n g u la r  p r o c e s s .
T h is  i s  o f  i n t e r e s t  becau se  t h e  a n g u la r  p ro c e ss  i s  
d i r e c t e d  q u i t e  l a t e r a l l y ,  so t h a t  th e  bottom of t h e  jaw 
has  a d i s t i n c t  bend in  i t ,  and t h e  a r t i c u l a r  condy le  i s  
e n t i r e l y  t o  t h e  m edial s i d e  o f  t h e  p o s t e r i o r  margin of th e  
ram us. One obvious h y p o th e s is  was t h a t  t h i s  p e c u l i a r  
m and ibu la r  morphology was r e l a t e d  t o  th e  need fo r  ve ry  
a c c u ra te  c o n t r o l  o f  l a t e r a l  p o s i t i o n  a s  th e  m andible 
c ip se d  so  t h a t  th e  a n t e r i o r  end was p o s i t io n e d  c o r r e c t l y  
between t h e  s a b e r l i k e  c a n in e s .
The hyoid p ro c e ss  p r o j e c t s  from th e  r i d g e  down the  
a n te ro m e d ia l  c o rn e r  o f  t h e  m asto id  p ro c e s s ,  o f te n  a b u t t i n g  
th e  c a u d a l  p ro ce ss  o f  t h e  p e t r o s a l  medial to  th e  f a c i a l  
c a n a l .  Both AMNH 82440 and F:AM 69417 c l e a r l y  show a
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sm a ll  p i t  f o r  th e  i n s e r t i o n  o f  t h e  c a r t i l a g e  o r  l ig a m en t  
o f  t h e  d o rs a l -m o s t  e lem ent (tympanohyal in  th e s e  forms?) 
o f  th e  hyo id  a p p a r a tu s .  T h is  p i t  i s  on t h e  end o f  th e  
hyo id  p r o c e s s ,  p o s i t io n e d  j u s t  v e n t r a l  t o  t h e  a p e r tu r e  o f  
t h e  c o c h le a r  f o s s u l a ,  and im m edia te ly  a n t e r i o r  to  t h e  
s ty lo m a s to id  foram en.
Although th e  p o s t e r o l a t e r a l  c o m e r  o f  th e  b as ic ran iu m  
i s  ru gose  and s q u a re d -o f f  a s  i f  g o o d -s iz e d  muscles 
a t t a c h e d  t h e r e ,  th e  p a r o c c i p i t a l  p ro ce ss  i t s e l f  i s  reduced 
in  Hoplophoneus .  AMNH 1406 e x h i b i t s  s h o r t ,  broad 
p r o c e s s e s ,  p o s t e r o l a t e r a l l y  (and not v e n t r a l l y )  d i r e c t e d .  
F:AM 69417 has a sm a ll  l e a f - l i k e  edge p re se rv e d  on th e  
r i g h t  s i d e ,  b u t  d o r s a l  t o  t h a t  a b ro ad , p r o j e c t i n g ,  rugose 
a r e a .  I n  my o b s e r v a t io n s  o f  i n d i v i d u a l s  o f  t h i s  genus, 
t h e  p a r o c c i p i t a l  p ro c e s s e s  were no t a s  w e l l  developed as  
Hough (1953: 99) d e sc r ib e d  them; I  found a g r e a t  r e d u c t io n  
in  th e  d i s t i n c t n e s s  and e lo n g a t io n  of t h e  p a r o c c i p i t a l  
p ro c e s s e s  a s  t h e  m asto id  p ro c e s s e s  in c re a s e d  and th e  e a r  
r e g io n  became l a t e r a l l y  com pressed . The extrem e among 
th e s e  specim ens i s  seen  in  F:AM 102387, in  which t h e  
m asto id  p ro c e s s e s  a r e  so  l a r g e  and t h i c k ,  th e y  a p p ea r  to  
have ta k e n  over t h e  whole r e g io n  from th e  l e v e l  o f  th e  
h y p o g lo ssa l  foramen m e d ia l ly ,  t o  th e  s i d e  of th e  s k u l l  
l a t e r a l l y .  P a r o c c i p i t a l  p r o c e s s e s  a re  r e p re s e n te d  by some 
r u g o s i t i e s  on th e  p o s t e r o l a t e r a l  c o rn e r  o f  t h e s e  m asto id  
p r o c e s s e s .
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Removal o f  th e  m a tr ix  from i n s i d e  th e  b r a in c a s e  (on 
t h e  l e f t  s id e )  o f  AMNH 82UU0 and p r e p a r a t io n  of th e  
s e p a r a te d  a u d i to r y  r e g io n  o f  F:AM 62078 p e rm its  
d e s c r i p t i o n  o f  t h e  i n t r a c r a n i a l  a u d i to r y  morphology of 
Hoplophoneus.
P e t r o s a l . —As in  D i n i c t i s . th e  p e t r o s a l  of 
Hoplophoneus i s  ro und ed , la c k in g  both  a s h a rp  p e t r o s a l  
c r e s t  and an e lo n g a te  r o s t r a l  a p e x .  T h is  c o n d i t io n  i s  
u n l ik e l y  t o  be an a r t i f a c t  of p r e s e r v a t i o n  s in c e  b o th  
specim ens (AMNH 82U40 and F:AM 62078) p r e s e n t  th e  same 
sm oothly  s c u lp tu r e d  d o r s a l  s u r f a c e  in  p la c e  o f  th e  c r e s t ,  
and s i m i l a r l y  shaped r o s t r a l  a p i c e s ,  bo th  sh a l lo w ly  
g ro oved .
Hoplophoneus has an even s m a l le r  a n t e r i o r  p e t r o s a l  
f a c e  th a n  seen  in  D i n i c t i s . a g a in  l i t t l e  c o v e red ,  i f  a t  
a l l ,  by squam osa l. The prom inence a t  th e  a n t e r i o r  end o f  
t h e  p e t r o s a l ,  above t h e  s u lc u s  f o r  t h e  t r ig e m in a l  n e rv e ,  
i s  more pronounced and p y ram id a l .  P o s t e r i o r  to  t h i s  
prom inence  and s u l c u s ,  t h e  i n t e r n a l  a u d i to r y  meatus i s  o f  
m oderate  s i z e ,  ro u g h ly  o v a l  in  sh a p e .  One fcramen above 
and two below a re  s e p a r a te d  w i th in  t h i s  m eatus by a deep ly  
s e t  t r a n s v e r s e  c r e s t .  The a re a  o f  th e  p e t r o s a l  
im m ed ia te ly  around t h e  i n t e r n a l  a u d i to r y  m eatus ap p ea rs  
s w o lle n :  beyond t h i s  t o r u s ,  a g e n t ly  concave s h e l f - l i k e
expanse  o f  p e t r o s a l  e x te n d s  p o s t e r i o r l y  and d o r s a l l y .
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T h is  s h e l f  i s  r e l a t i v e l y  smooth in  F:AM 62078, b u t  p i t t e d  
by a sm a l l  e x c a v a t io n  in  AMNH 82440. (The d o rs a l  p a r t  o f  
t h i s  s h e l f  i s  broken in  AMNH 82440, r e v e a l i n g  th e  a n t e r i o r  
s e m ic i r c u l a r  cana l* )  On th e  d o r s a l  h a l f  o f  the  c e r e b e l l a r  
f a c e ,  t h e r e  i s  no c l e a r  s u b a r c u a te  f o s s a ,  on ly  th e  
s h a l lo w ,  e lo n g a te  d e p re s s io n  beyond t h e  edge of th e  
sw o llen  t o r u s  su rro u n d in g  th e  i n t e r n a l  a u d i to ry  m ea tus .
The h i a t u s  f a c i a l i s  i s  on t h e  broad a n t e r i o r  edge o f  
t h e  p e t r o s a l ,  opening  im m edia te ly  i n t o  th e  p i r i fo rm  
f e n e s t r a .  The s l i t - l i k e  foramen t h a t  may be i d e n t i f i e d  on 
t h e  b a s i s  o f i t s  g e n e ra l  l o c a t i o n  a s  t h e  opening o f  th e  
o sseo u s  c a n a l  f o r  th e  v e s t i b u l a r  agueduct i s  s l i g h t l y  more 
th a n  two m i l l im e te r s  a n t e r i o r  t o  th e  p o s t e r i o r  edge of th e  
p e t r o s a l ,  r i g h t  a t  t h e  edge o f  th e  sw o llen  to r u s  around 
t h e  i n t e r n a l  a u d i to r y  m eatus . The s l i t l i k e  a p e r tu r e  would 
have housed th e  endo lym phatic  s a c .  V e n t r a l l y ,  th e  
a p e r t u r e  of t h e  c a n a l  f o r  th e  c o c h le a r  agueduct i s  
s i m i l a r l y  p la c e d ,  a t  th e  bottom edge o f  th e  p o s t e r i o r  
s h e l f ,  a few m i l l im e te r s  a n t e r i o r  t o  th e  p o s te r io r - m o s t  
edge o f  th e  p e t r o s a l .  From th e  v e n tro m e d ia l  s id e  i n  F:AK 
62078, a sm a ll  no tch  ends a t  t h e  opening  o f  the  bony c a n a l  
f o r  t h e  c o c h le a r  a g u e d u c t ,  in  t h e  a n t e r i o r  edge o f  the  
p o r t io n  o f  t h e  p o s t e r i o r  l a c e r a t e  foramen i d e n t i f i e d  above 
a s  t r a n s m i t t i n g  s p e c i f i c a l l y  t h e  t h r e e  c r a n i a l  n e r v e s .  In  
F:AM 6 2078, in  which th e  p o s t e r i o r  edge can be most 
c l e a r l y  s e e n ,  I  f in d  no e g u iv a le n t  of th e  s m a l l .
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u n i d e n t i f i e d  foramen seen  in  D i n i c t i s . T here  i s  a sm all 
p i t  in  t h i s  specimen a t  th e  p o s te r o v e n ta l  c o rn e r  o f  the 
p e t r o s a l ,  on th e  e d g e ,  b u t I  i n t e r p r e t  t h i s  to  be a sm a ll ,  
m a t r i x - f i l l e d ,  broken a rea  r a t h e r  th an  a w e l l  d e f in e d  
foramen*
I n t r a c r a n i a l  c h a n n e ls . —A f r o n t a l  s e c t i o n  removing 
th e  to p  o f  th e  b r a in c a s e  o f  AMNH 82440 r e v e a le d  a c ro s s  
s e c t i o n  o f  a l a r g e  c a n a l  f o r  a t r a n s v e r s e  venous s i n u s ,  
c o m p le te ly  e n c lo sed  by squam osa l. A l a r g e  r id g e  of 
squamosal e x te n d s  t a n g e n t i a l l y  t o  th e  a n te r c d o r s a l  margin 
o f  th e  p e t r o s a l ,  presum ably e n c lo s in g  a c a n a l  fo r  a 
s u p e r io r  p e t r o s a l  venous s i n u s ,  s in c e  t h e r e  i s  p r e s e n t  a 
m o d era te ly  s iz e d  p o s tg le n o id  foram en.
At th e  d o r s a l  apex of th e  p e t r o s a l ,  a l a r g e  s u lc u s  
f o r  th e  sigm oid  venous s in u s  opens p o s t e r i o r l y  from the 
v e n t r a l  end o f  th e  t r a n s v e r s e  s i n u s .  T his channel i s  
de ep ly  in c i s e d  i n t o  th e  squam osal and o c c i p i t a l ,  and i n to  
any d o r s a l  p ro c e ss  o f th e  p a rs  m asto idea  p r e s e n t  ( th e  
s u t u r e s  i n  t h i s  a rea  a re  n o t  d i s t i n g u i s h a b l e ) .  Half-way 
down, a foramen opens i n t o  t h e  f l o o r  o f  t h e  channel from a 
p o s t e r o d o r s a l l y  d i r e c te d  c a n a l .  Because o f  th e  th ic k n e s s  
o f  th e  o c c i p i t a l  bone in  t h i s  a r e a ,  t h e  development of th e  
nu chal c r e s t ,  and t h e  o b l iq u e  a n g le  o f  t h e  channel through 
t h e  bone, t h e  channel i t s e l f  i s  s e v e r a l  m i l l im e te r s  long 
and th e  e x t e r n a l  open ing  o f  t h i s  c h a n n e l ,  termed by Cope 
(1890) t h e  m asto id  fo ram en , o c c u rs  d i s t i n c t l y  d o r s a l  to
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t h e  l e v e l  o f  th e  i n t e r n a l  fo ram en . E x te r n a l l y ,  th e  
m asto id  foramen i s  l o c a te d  r a t h e r  l a t e r a l l y ,  p o s i t io n e d  
j u s t  above th e  l e v e l  o f  t h e  to p  o f  th e  o c c i p i t a l  co n dy les  
and im m ed ia te ly  benea th  th e  n u c h a l  c r e s t .
On th e  e x te r n a l  l a t e r a l  w all  o f  th e  b r a in c a s e ,  a 
l a r g e  foramen co rre sp o n d s  in  p o s i t i o n  to  C ope 's  (18 90) 
p o s t p a r i e t a l  foram en. None of t h e  a v a i l a b l e  s k u l l s  perm it 
p a ssa g e  o f  a b r i s t l e ,  but i t  i s  c l e a r  in  th e  c ro s s  s e c t io n  
o f  AMNH 8 2440 t h a t  t h i s  foramen i s  lo c a te d  over th e  can a l  
f o r  t h e  t r a n s v e r s e  venous s i n u s .  In  l a t e r a l  view, the  
foramen i s  p o s i t io n e d  s l i g h t l y  more d o r s a l l y  than  in  
D i n i c t i s •
The co ndy lo id  c a n a l  i s  lo n g :  i t s  a n t e r i o r  end i s  a
foramen in  th e  p o s t e r i o r  w all  o f  th e  s u lc u s  f c r  th e  
sigm oid s in u s  and i t s  p o s t e r i o r  end i s  a foramem w e ll  back 
in  th e  l a t e r a l  w a ll  o f  th e  foramen magnum.
A b a r  o f bone forms a m edial w a ll  over the 
v e n t r a l - m o s t  end o f t h e  sigm oid s u l c u s ,  s e p a r a t in g  i t  
i n t r a c r a n i a l l y  from th e  i n t e r n a l  p o s t e r i o r  l a c e r a t e  
fo ram en . In  v e n t r a l  view o f  AMNH 82440, th e  end o f  t h i s  
s h o r t  c a n a l  f o r  th e  sigm oid  s in u s  can be seen  im m edia te ly  
a d ja c e n t  t o  t h e  p o s t e r i o r  l a c e r a t e  foramen a t  th e  l e v e l  o f  
t h e  p o s t e r i o r  edge of th e  p e t r o s a l .  The two p assag es  
become c o n f lu e n t  v e n t r a l  t o  t h i s  p o i n t ,  and e x i t  t h e  s k u l l  
th ro u g h  th e  e x te r n a l  p o s t e r i o r  l a c e r a t e  foram en, between 
t h e  en to tym p an ic  and e x o c c i p i t a l .  A sm a ll  r i d g e  on the
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e x o c c i p i t a l  w a l l  o f  t h e  p o s t e r i o r  l a c e r a t e  foram en, 
c o n t in u o u s  d o r s a l ly  w ith  t h e  b r id g e  o f  bone a c ro s s  th e  
sigm oid  s in u s  c h a n n e l ,  p a r t i a l l y  s e p a r a t e s  t h e  common 
p a s s a g e ,  d e f in in g  a ch an n e l l a t e r a l l y  f o r  th e  v e in  and 
m e d ia l ly  f o r  t h e  n e rv e s ,  (A l a r g e r ,  much w ider r i d g e  
m e d ia l ly  s e p a r a t e s  t h e  p e t r o b a s i l a r  c a n a l  in  th e  v e n t r a l  
s u r f a c e  o f  th e  b a s i o c c i p i t a l  from th e  p o s t e r i o r  l a c e r a t e  
foram en: see  d e s c r i p t i o n  above .)
A w e l l  d e f in e d  s u lc u s  cn t h e  i n t r a c r a n i a l  s u r f a c e  of 
th e  e x o c c i p i t a l  runs  p o s t e r i o r l y  from th e  i n t e r n a l  
p o s t e r i o r  l a c e r a t e  fo ram en , en d in g  im m edia te ly  above th e  
i n t e r n a l  h y p o g lo ssa l  fo ram en. T h is  ch an n e l has v e ry  
d i s t i n c t  m arg in s ,  a n t e r i o r l y  c u rv in g  v e n t r a l l y  i n to  th e  
p o s t e r i o r  l a c e r a t e  fo ram en . The p o s t e r io r  e x te n t  o f  th e  
c h an n e l  i s  l e s s  c l e a r ,  because  t h e  s u lc u s  i s  con tinu ous  
w ith  t h e  s h a r p e s t  p a r t  o f  th e  c u rv e  o f  th e  fcram en magnum, 
between th e  p o s t e r i o r  opening of th e  cond y lo id  c a n a l  and 
th e  i n t e r n a l  h y p o g lo ssa l  foram en.
A s h e l f  o f  b a s i o c c i p i t a l  (and perhaps 
b a s is p h e n o id —th e  p o s i t io n  of th e  s u tu r e  i s  u n c le a r )  ro o f s  
t h e  p e t r o b a s i l a r  c a n a l  n e a r ly  th e  e n t i r e  l e n g th  o f  th e  
p e t r o s a l .  P o s t e r i o r l y ,  t h e  b a s i o c c i p i t a l  b e a rs  l a r g e  
f l a n g e s ,  descend ing  on th e  m edial s i d e  o f  t h e  c a n a l ,  bu t 
l a t e r a l l y  i s  produced i n t o  on ly  a s l i g h t  r id g e  v e n t r a l l y ;  
t h e  f l o o r  and l a t e r a l  w a ll  of th e  c a n a l  a re  formed by th e  
e n to ty m p an ic .  The d ep th  o f  i n c i s u r e  i n to  t h e
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b a s i o c c i p i t a l  i n c r e a s e s  a n t e r i o r l y  so t h a t  t h e  canial i s  
ro o fe d  and f lo o r e d  by b a s i o c c i p i t a l ,  and bounded l a t e r a l l y  
by th e  p e t r o s a l .  Grooving c r  c h a n n e l l in g  on th e  m edial 
margin o f  th e  p e t r o s a l  i s  s l i g h t ,  due t o  t h e  g r e a t  e x te n t  
t o  which th e  p e t r o b a s i l a r  c a n a l  i s  e n c lo se d  by th e  
b a s i o c c i p i t a l .  F:AM 62078 shows a sha llo w  channe l a t  th e  
a n te ro m e d ia l  c o rn e r  o f  th e  p e t r o s a l ,  on t h e  v e n t r a l  
s u r f a c e ,  and an even sh a l lo w e r  one on th e  v e n t r a l  edge o f  
t h e  m ed ia l  s u r f a c e .  In  AMNH 82UU0, th e  m ed ia l  channe l i s  
t h e  more d i s t i n c t .  (The p e t r o s a l  i n  t h i s  specim en i s  
i n t e r p r e t e d  a s  h av in g  been s l i g h t l y  d i s p l a c e d  d o r s a l l y  a t  
t h e  a n te ro m e d ia l  c o rn e r ;  th e  i d e n t i f i c a t i o n  c f  t h i s  
ch an n e l  a s  th e  l a t e r a l  w a ll  o f  th e  p e t r o b a s i l a r  c a n a l  i s  
dependen t on th e  acc u ra c y  o f  t h i s  i n t e r p r e t a t i o n . )
An e lo n g a te  o v a l  foramen marks t h e  a n t e r i o r  opening 
o f th e  p e t r o b a s i l a r  c a n a l  i n t o  t h e  c r a n i a l  c a v i ty  (F igu re  
3 9 ) ,  a t  t h e  c o n f lu e n c e  o f  th e  i n f e r i o r  p e t r o s a l  s i n u s  w ith  
t h e  cavernous venous s i n u s .  P o s t e r i o r l y ,  t h e  p e t r o b a s i l a r  
foramen i s  no t  v i s i b l e  i n t r a c r a n i a l l y , be in g  com plete ly  
ro o fe d  o v e r  by b a s i o c c i p i t a l .
An a n a s to m o tic  ramus from th e  i n t e r n a l  m a x i l la ry  
branch  o f  t h e  e x t e r n a l  c a r o t i d  a r t e r y  to  t h e  middle 
m eningeal a r t e r y  may be i n f e r r e d  from th e  g rcove  in  the  
sq uam osa l,  le a d in g  from th e  p o s t e r o d o r s a l  margin o f  th e  
foramen o v a le  p o s t e r o d o r s a l ly  t o  th e  m eningeal s u l c i  on 
t h e  i n t e r n a l  s u r f a c e  o f th e  b r a i n c a s e .  In  c o n t r a s t  to
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F:AM 62078 and th e  D i n i c t i s  specim en, AMNH SC 230-4152, 
t h e  o t h e r  specimen o f  Hoplcphoneus (AMNH 82440) has  a 
r a t h e r  l a r g e  channe l runn ing  p o s t e r o d o r s a l ly  from th e  
foramen o v a le ,  d o r s a l  to  th e  channe l f o r  th e  t r ig e m in a l  
n e rv e ,  and e x te n d in g  to  th e  b ase  of th e  squamosal r id g e  
th o u g h t  t o  e n c lo se  t h e  s u p e r io r  p e t r o s a l  s i n u s .  A sm all 
channe l t o  th e  groove f o r  th e  m iddle m eningeal a r t e r y  
b ran ches  o f f  from th e  d o r s a l  edge o f  t h i s  l a r g e r  c h a n n e l .
EUSMILUS
L i t t l e  can be s a i d  abou t t h i s  taxon a t  the  p re s e n t  
t im e  because  most of th e  known specim ens a r e  under s tudy  
by a n o th e r  i n v e s t i g a t o r  in  a n o th e r  p a r t  of th e  c o u n try .
One s k u l l ,  however, AMNH 6 941, was a v a i l a b l e ;  i t s  r i g h t  
a u d i to r y  r e g io n  was t h e r e f o r e  p rep a red  f o r  s tu d y  and 
com parison , and may be b r i e f l y  d e sc r ib e d  h e r e .
Tympanic Fl o o r : A ud ito ry  B u l la
The tym panic r i n g  i s  e n t i r e  a lth o u g h  v e n t r a l  p o r t io n s  
o f  t h e  ec to ty ropan ic  may have broken away. Much a s  in  th e  
o t h e r  n im ra v id s ,  t h e  broadened h o r i z o n t a l  a n t e r i o r  c ru s  
e x te n d s  o v e r  th e  top  o f  th e  tym panic no tch  to  w i th in  a few 
m i l l im e te r s  o f  t h e  s h o r t ,  v e r t i c a l ,  p o s t e r i o r  c r u s .  The 
ann u lu s  i s  about th e  same width  p o s t e r i o r l y  as  a n t e r i o r l y .
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so  th e  p la n e s  of th e  c r i s t a  tym panica and th e  o u te r  rim o f  
t h e  e x t e r n a l  a u d i to r y  meatus a r e  p a r a l l e l .  I h i s  p la n e  i s  
v e ry  n e a r ly  v e r t i c a l ,  perhaps t ip p e d  10 to  15 d e g re es  
( v e n t r a l  edge d i r e c te d  s l i g h t l y  p o s t e r o m e d ia l ly ) . The 
a n g le  o f  th e  t i n g  from th e  s a g i t t a l  p la n e  i s  c lo s e  t o  U5 
d e g re e s ,  however, A lso a s  in  t h e  o th e r  n im ra v id s ,  th e  
s l i g h t l y  o v a l  meatus i s  much l a r g e r  d ia m e te r  than th e  
tym panic  no tch  i s  wide, which, combined with th e  a n g le ,  
c au se s  t h e  r i n g  to  o v e r la p  th e  base  o f  th e  p e d e s ta l  above 
th e  g le n o id  f o s s a  and th e  meatus th us  t o  fa c e  
a n t e r o l a t e r a l l y  i n to  th e  base  o f  th e  p o s tg le n o id  p r o c e s s .
The broadened a n t e r i o r  c ru s  sp re a d s  ou t around the 
p o s tg le n o id  s u r f a c e  above th e  p o s tg le n o id  foram en, bu t 
does n o t  appea r  c o r o s s i f i e d  w ith  th e  squam osal. A very 
t h i n  p ro c e s s e s  t u b a r i u s  p r o j e c t s  p o s te ro m e d ia l ly  from th e  
a n t e r i o r  c r u s ,  a long  th e  p o s t e r i o r  margin of th e  a n t e r i o r  
a u d i to r y  s in u s  t o  th e  edge of th e  f o s s a  m u sc u la r is  m ajo r. 
The p o s t e r i o r  c ru s  i s  n e a t ly  a p p re ssed  to  t h e  a n t e r i o r  
s u r f a c e  o f  th e  p ro cessu s  h y o id e u s .
A d jacen t to  th e  c r i s t a  tym p an ica , th e  i n t e r n a l  
s u r f a c e  o f  th e  ec to tym pan ic  i s  concave in  an even , narrow 
t o r u s .  The p o s t e r i o r  p o r t io n  o f  th e  v e n t r a l  edge i s  
b roadened bu t s t i l l  i r r e g u l a r .  A n t e r i o r l y ,  however, a 
r a t h e r  smooth edge e x te n d s  forw ard  ben ea th  a p l a t e  o f 
ec to ty m p a n ic  t o  end in  a p ro c e s s  c o r r e c t l y  p o s i t io n e d  to  
be a s ty l i f o r m  p r o c e s s .  The i n t e r n a l  fa c e  o f  t h i s
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e c to ty m p a n ic  has  a v e r t i c a l  r i d g e  midway a lo n g  i t ,  and a 
roughened s u r f a c e  on th e  h a l f  a n t e r i o r  to  t h a t  r i d g e ,  a s  
i f  i t  a b u t te d  a cu rv e  o f  en to tym pan ic  around th e  f r o n t  of 
th e  tym panic  c a v i ty  a s  has been observed  in  D i n i c t i s  and
No en to tym pan ic  rem ains on e i t h e r  s id e  in  AMNH 6941, 
b u t  t h a t  th e  e lem ent was p r e s e n t  i s  c l e a r l y  i n d ic a t e d  by 
th e  l a r g e  v e r t i c a l  f a c e t s  on th e  l a t e r a l  f a c e s  of t h e  
b a s i o c c i p i t a l  o r  b a s isp h e n o id  and on th e  f l a t t e n e d  v e n t r a l  
s u r f a c e  o f  th e  cau d a l p ro c e ss  o f  th e  p e t r o s a l .
Tympanic Roof
The a u d i to r y  r e g io n  and tym panic c a v i ty  i s  l a t e r a l l y  
com pressed and deep ly  re c e s se d  above th e  l e v e l  of th e  
b a s is p h e n o id .  The p e t r o s a l  i s  an e lo n g a te  mound, w ith  th e  
a p e r tu r e  of t h e  c o c h le a r  f o s s u la  f a c in g  a lm o s t  d i r e c t l y  
p o s t e r o l a t e r a l l y ,  and n o t  a t  a l l  v e n t r a l l y .  Through th e  
e x t e r n a l  a u d i to r y  m ea tus , a round f e n e s t r a  v e s t i b u l i  may 
be seen  fa c in g  a n t e r o l a t e r a l l y .  A sha llo w  b u t  very  
d i s t i n c t  groove runs a c ro s s  th e  prom ontorium , from th e  
p o s t e r i o r  margin j u s t  m edial t o  th e  c o c h le a r  f o s s u l a ,  
fo rw ard  and c u rv in g  g e n t ly  m e d ia l ly  t o  aim d i r e c t l y  a t  th e  
i n t e r n a l  c a r o t i d  foramen w ith in  th e  b a s is p h e n o id .
A n te r io r  to  th e  prom ontorium , t h e  ro o f  c f  the  
tym panic  c a v i ty  p ro p e r  i s  ve ry  com pressed . The f a c i a l  
foramen i s  d i r e c t l y  d o r s a l  to  th e  v e s t i b u l a r  f e n e s t r a .
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r i g h t  a t  th e  p o s t e r o l a t e r a l  edge o f t h e  f o s s a l  m u sc u la r is  
m ajo r—a much more t y p i c a l  p o s i t io n  f o r  th e  foramen than 
t h a t  seen  in  Di n i c t i s  o r  H oplophoneus. From th e  f a c i a l  
fo ram en , th e  s u l c u s  t u r n s  p o s t e r i o r l y  p a s t  th e  end o f  th e  
promontorium t o  th e  base  o f  th e  m asto id  p r o c e s s ,  th e n  
a b r u p t l y  v e n t r a l l y  th ro u g h  a r i n g  formed by the  m asto id  
l a t e r a l l y ,  th e  hyoid p ro c e ss  a n t e r i o r l y ,  and m e d ia l ly  a 
v e ry  long  e x te n s io n  o f  th e  c au d a l  p ro c e s s  o f  th e  p e t r o s a l  
t h a t  c u rv e s  down and a n t e r i o r l y  t o  meet t h e  hyoid p ro c e s s .  
The ch an n e l  down th e  m edial f a c e  of t h e  m asto id  i s  not 
p a r t i c u l a r l y  d i s t i n c t ,  no r i s  t h e r e  c l e a r  e v id e n ce  o f  how 
f a r  v e n t r a l l y  th e  en to tym pan ic  formed a m ed ia l  w a ll  and a 
v ag in a  p ro c e ssu s  h y o id eu s .
The fo s s a  f o r  t h e  o r i g i n  o f  th e  t e n s o r  tympani muscle 
i s  l a r g e  and deep , r e c e s s e d  above th e  prom ontorium , and 
c o n ta in e d  e n t i r e l y  w i th in  th e  ep ity m p an ic  wing{s) o f  th e  
p e t r o s a l .  L a t e r a l  t o  th e  fo s s a  m u sc u la r is  m ajo r ,  th e  
e p ity m p an ic  r e c e s s  i s  of m oderate  s i z e  in  d ia m e te r  but 
g e n e r a l l y  r a t h e r  s h a l lo w .  I  do n e t  s e e  any d i s t i n c t l y  
o u t l i n e d  d eep e r  pocke t f o r  th e  p o s t e r i o r  c r u s  o f  t h e  
i n c u s ,  b u t  th e  p o s t e r i o r  p a r t  o f  th e  r e c e s s  app ea rs  more 
d eep ly  ex cav a ted  so  t h a t  th e  r e c e s s  i s  n o t  a hem isphere as  
in  o t h e r  n im ra v id s .  There do a p p ea r  t o  be two very  sm all 
fo ram ina  in  t h e  p o s t e r i o r  h a l f  o f  th e  r e c e s s ,  one i n  th e  
p e t r o s a l  and one in  t h e  squam osa l.
A n te r io r  to  th e  fo ssa  m u sc u la r is  m a jo r ,  a narrow
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a n t e r i o r  a u d i to ry  s in u s  (see  t h e  d e s c r ip t io n  o f Nimravus) 
e x te n d s  forw ard  in to  th e  squam osal above th e  m edial end of 
t h e  g le n o id  f o s s a  and p e d e s t a l .  The tym panic c a v i t y  i s  so 
com pressed t h a t  t h i s  s in u s  i s  d o r s a l  to  th e  a n t e r i o r  edge 
o f  th e  tym panic  r i n g .  Whether t h i s  s in u s  i s  e n t i r e l y  in  
t h e  squam osal o r  i s  p a r t l y  o r  e n t i r e l y  in  an ep itym pan ic  
wing o f  th e  sphenoid  i s  n o t  c l e a r ,  because  I  am u n a b le  t o  
d e c id e  w ith  c e r t a i n t y  which d i v i s i o n s  a re  s u tu r e s  and 
which f r a c t u r e s .
P r i n c i p a l  Tympanic Spaces and Foramina
Because o f  th e  d e p th  o f  th e  c a v i ty ,  t h e  degree  of 
l a t e r a l  com pression , and th e  la c k  o f  ev idence  about the  
v e n t r a l  e x te n t  o f  b u l l a r  e le m e n t s ,  i t  i s  not* r e a l l y  
p o s s ib l e  t o  e s t im a te  th e  r e l a t i v e  s i z e  o f  t h e  hypotympanic 
s i n u s .  The tympanic c a v i ty  in  t h e  r e s t r i c t e d  sen se  i s  
c e r t a i n l y  narrow but deep , and lo c k s  l i k e  a very  s i m i l a r  
volume t o  t h a t  o f  H oplophoneus.
The p o s t e r i o r  p o r t io n  c f  t h e  b as ic ran iu m  i s  l a r g e l y  
m is s in g ,  so t h e  c o n d i t io n  o f  th e  p o s t e r i o r  l a c e r a t e  
foram en, o r  t h e  p re sen c e  o f  a p e t r o b a s i l a r  foramen c r  a 
p o s t e r i o r  c a r o t i d  fo ram en, can n o t  be d e te rm in ed .
A n t e r i o r l y ,  an i n t e r n a l  c a r o t i d  foramen i s  v e ry  w e ll  
d e f in e d ,  so deep in  a no tch  t h a t  i s  i s  a lm o s t  com p le te ly  
su rro u n d ed  by th e  b a s i s p h e n o id .  Im m ediately  l a t e r a l  to  
t h i s  foramen i s  a groove l e a d in g  to  th e  p te ry g o id  c a n a l .
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b u t  no o t h e r  c h a n n e l ,  such a s  one t h a t  might be 
i d e n t i f i a b l e  f o r  an a n a s to m o tic  ramus from th e  ascend ing  
p h a ry n g e a l  a r t e r y .  P o s . te r io r  t o  t h i s  ep itym pan ic  wing of 
t h e  sp h e n o id ,  th e  p i r i f o r m  f e n e s t r a  i s  c o n f lu e n t  m e d ia l ly  
w ith  t h e  a n t e r i o r  p a r t  o f  th e  b a s ic a p s u la r  f e n e s t r a .
As i n  th e  o th e r  n im ra v id s ,  t h e  foramen ova le  i s  sunk 
in  a common f o s s a  w ith  t h e  p o s t e r i o r  a l a r  foram en. 
P r e s e r v a t io n  i s  no t  good enough t o  de te rm in e  th e  
d i s p o s i t i o n  o f  fo ram ina in  th e  G la s e r ia n  f i s s u r e .  Ihe  
p o s tg le n o id  foramen i s  no t  as  l a r g e  a s  t h a t  in  D i n i c t i s  
b u t  i s  s t i l l  o f  m oderate s i z e ,  i n d i c a t i n g  t h a t  th e  
e x t e r n a l  ju g u la r  was a s i g n i f i c a n t  p a r t  o f th e  c e r e b r a l  
venous d r a in a g e .
The s e c t i o n  o f  th e  f a c i a l  c a n a l  p re se rv e d  has been 
d e s c r ib e d  above . L a t e r a l  t o  th e  cau da l p ro c e s s  o f th e  
p e t r o s a l  i s  a go o d -s ized  ch an n e l running  t o  the  d o r s a l  
p a r t  o f  th e  f a c i a l  c a n a l ,  presum ably f o r  th e  a u r i c u l a r  
ramus o f  th e  vagus n e rv e .
Ad i a c e n t  C ra n ia l  Morphology
Most o r  a l l  o f  th e  b a s i o c c i p i t a l  i s  m is s in g .  The 
p ie c e  o f m edial e lem ent re m a in in g ,  p robab ly  b a s isp h e n o id ,  
i s  very  th ic k  in  c ro s s  s e c t i o n :  on a s k u l l  no lo n g e r  th a n
12 cm, t h e  bone i s  0 .6  cm a t  t h e  t h in n e s t  p o i n t .  From th e  
a n g le  o f  th e  m argins rem a in in g ,  i t  may a l s o  be i n f e r r e d  
t h a t  th e  base  o f th e  s k u l l  was l a t e r a l l y  compressed
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between th e  b u l l a e .  At th e  a n te ro m e d ia l  c o rn e r  o f  th e  
a u d i to r y  r e g io n ,  t h e r e  i s  no ev id en ce  o f  an an te ro m ed ia l  
p ro c e s s  from th e  b u l l a ,  b u t  i n s t e a d ,  t h e  b a s isp h e n o id  i s  
produced v e n t r a l l y  i n t o  b u t t r e s s e s  t h a t  c o n tin u e  
p o s t e r i o r l y  a s  v e n t r a l  f l a n g e s .
Along the  l a t e r a l  m arg in , t h e  g len o id  fo s s a e  a r e  
p o s i t io n e d  on th e  end of deep p e d e s t a l s ,  and th e  m astoid  
p ro c e s s e s  a r e  e lo n g a te  and d i r e c t e d  f o rw a rd ly ,  form ing a 
t a l l ,  narrow tym panic n o tc h .  The amount o f  squamosal 
c o n t r i b u t i o n  t o  th e  m as to id  p ro c e s s  i s  no t  d e te rm in a b le  on 
t h i s  specim en. The p a r o c c i p i t a l  p ro c e s s e s  a r e  a p p a re n t ly  
reduced  even f u r t h e r  th a n  in  Hoplcphoneus .  t o  mere 
r u g o s i t i e s  on th e  p o s t e r i o r  s u r f a c e s  o f  th e  mastoid 
p r o c e s s e s .
I n t r a c r a n i a l  Mo rp h o lo gy
P a r t  o f  th e  i n t r a c r a n i a l  s u r f a c e  o f  th e  a u d i to r y  
re g io n  h as  been p rep a red  on t h i s  specim en . The c e r e b e l l a r  
f a c e  o f  t h e  p e t r o s a l  i s  r a t h e r  rounded in  o v e r a l l  o u t l i n e ,  
much l i k e  t h a t  o f  D i n i c t i s  o r  Hoplophoneus. Also l i k e  
D i n i c t i s . t h e r e  i s  a d i s t i n c t  s u lc u s  i n  th e  a n t e r i o r  p a r t  
n e a r  th e  apex , c l e a r l y  i n t e r p r e t a b l e  a s  a s u lc u s  f o r  th e  
t r ig e m i n a l  n e rv e .  T here  i s  a sh a llow  su b a rc u a te  f o s s a ,  
and a o v a l  i n t e r n a l  a c o u s t i c  m ea tu s .  From th e  r a t h e r  
p o s t e r i o r  a n g le  o f  v iew , th e  a n t e r i o r  edge lo o k s  rounded , 
as  i f  no d i s t i n c t  c r i s t a  p e t r o s a  were p r e s e n t .  C e r ta in ly
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t h e r e  i s  no developm ent o f an o sseo u s  te n to r iu m  
overhan g ing  t h e  p e t r o s a l .
Much o f  t h e  sigm oid s u lc u s  i s  broken p o s t e r i o r l y ,  b u t  
t h e  rem ain ing  p o r t io n  c o n t in u e s  v e n t r a l l y  back of th e  
p e t r o s a l ,  i n d ic a t i n g  t h a t  a t  l e a s t  t h i s  p a r t  of th e  
p o s t e r i o r  l a c e r a t e  foram en was p o s i t io n e d  g u i t e  l a t e r a l l y .  
I t  was p o s s ib l e  a t  one s t a g e  d u r in g  p r e p a r a t i o n  t o  see  t h e  
c ro s s  s e c t io n  o f  a s u lc u s  in  th e  s id e  and d o r s a l  s u r f a c e  
o f  th e  p o s te r io r -m o s t  rem ain ing  p iec e  o f  b a s isp h e n o id  o r  
b a s i o c c i p i t a l .  This c o rn e r  was l o s t  d u r in g  sub seq u en t 
p r e p a r a t i o n ,  b u t  had i n d ic a t e d  p a r t  o f  a r a t h e r  d o r s a l l y  
p o s i t io n e d  s u l c u s ,  a s  would be e x p ec ted  so  f a r  a n t e r i o r l y .
D orsa l  t o  th e  p e t r o s a l  on th e  i n t r a c r a n i a l  w a l l ,  one 
can s e e  no t  o n ly  th e  v e n t r a l  end of t h e  c a n a l  fo r  t h e  
t r a n s v e r s e  s in u s  from above , b u t  a l s o  th e  p o s t e r i o r  
open ing  o f  th e  s u p e r i o r  p e t r o s a l  c a n a l ,  th u s  c o r r o b o r a t in g  
th e  e v id e n ce  o f  th e  p o s tg le n o id  foramen t h a t  some c r a n i a l  
d ra in a g e  was e f f e c t e d  v ia  th e  e x t e r n a l  j u g u la r  system  in  
E u sm ilu s .
BARBOUROFEIIS
Based in  d e t a i l  on F:AM 61871 ( 1 ) ,  F:AM 61876 ( 1 ) ,  F:AM 
61891 ( i n t e r n a l ) ,  F:AM 61895 (1, r ,  & i n t e r n a l ) ,  F:AM 
61961 (1 & i n t e r n a l )  ,  UF 23796 (1 ,  r ,  5 i n t e r n a l ) ,  UF
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2UU32 (1 S i n t e r n a l ) ,  and UF 36867 (1, r ,  6 i n t e r n a l ) *  
Tympanic F lo o r :  A ud ito ry  B u lla
Numerous specim ens o f  B a rb o u ro fe l i s  d i s p l a y  c o m p le te ,  
f u l l y  o s s i f i e d  a u d i to r y  b u l la e  ( e .g .  F:AM 61895 and F:AM 
61876). In  th o s e  specim ens in  which th e  b u l l a e  a r e  
in c o m p le te ,  t h i s  c o n d i t io n  i s  c l e a r l y  due t o  b rea k ag e .
The b u l l a e  a re  l a r g e  and very  i n f l a t e d ,  p r o j e c t in g  
v e n t r a l l y  a s  f a r  a s  t h e  end of t h e  e n la rg e d  m astoid 
p ro c e s s  o r  beyond.
In  no specimen o f  B a r b o u ro f e l i s  t h a t  I  have se e n  i s  
t h e r e  any d i r e c t ,  c o n c lu s iv e  e v id e n c e  f o r  an en to tym pan ic  
o s s i f i c a t i o n  w i th in  t h e  b u l l a .  E x te r n a l ly  t h e r e  i s  no 
c o n s i s t e n t  s ig n  o f  d i v i s i o n  o r  s u t u r i n g .  Baskin  (1981:
126) no ted  in  B. l o v e i  a d i f f e r e n c e  in  appearance  between 
th e  l a t e r a l  s u r f a c e  o f  th e  b u l l a  (rugose and p i t t e d )  and 
t h e  m ed ia l s u r f a c e  (sm oo th ) , and i n t e r p r e t e d  th e  form er a s  
e c to ty m p an ic  and th e  l a t t e r  a s  e n to ty m p a n ic .  UF 2UU32, 
r e f e r r e d  t o  t h i s  s p e c i e s ,  d i s p l a y s  a p r o j e c t i n g  r id g e  on 
t h e  v e n t r a l  s u r f a c e  o f  th e  b u l l a  between th e s e  two 
s u r f a c e s .  However, t h e  r id g e  ru n s  from a p o s i t i o n  medial 
t o  th e  bony c h an n e l  f o r  t h e  a u d i to r y  tu b e  c a r t i l a g e ,  in  a 
p o s t e r i o r  d i r e c t i o n ,  and a t  t h e  l e v e l  o f  th e  m asto id  
p r o c e s s ,  c u rv e s  m e d ia l ly .  The roughened and p i t t e d  
s u r f a c e  e x te n d s  p a s t  th e  s ty lo m a s to id  foramen and th e  
i n s e r t i o n  o f  t h e  hyoid  a p p a ra tu s  to  t h e  p o s t e r i o r  s u r f a c e
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of  th e  b u l l a .  T h is  would p re s e n t  a v e ry  u n u su a l  shape f o r  
t h e  e c to ty m p a n ic ,  th e  p o s t e r i o r  c ru s  o f  which i s  presumed 
t o  have i n s e r t e d  on t h e  a n te ro m e d ia l  c o rn e r  o f  th e  m astoid 
p ro c e s s ;  i n  modern c a r n iv o r a n s ,  in  c o n t r a s t  to  t h i s  
s i t u a t i o n ,  p o s t e r io r  expansion  o f  th e  ec to tym pan ic  i s  
accompanied by a g r e a t  deg ree  o f  m edial expansion  a s  
w e l l— th e  ex trem e c a s e  be ing  e x e m p lif ie d  by the  h y a e n id s .
F:AM 61961 d i s p l a y s  a l i n e  t h a t  might be i n t e r p r e t e d  
a s  a s u t u r e ,  p o s i t io n e d  l a t e r a l l y ,  w e ll  w i th in  th e  rugose 
p o r t io n  o f  th e  b u l la  ( in d ic a te d  in  F ig u re  4 0 ) .  However, 
i f  t h i s  i s  a s u t u r e ,  i t s  a n t e r i o r  e x te n t  i s  not 
d i s c e r n i b l e .  F u rth e rm o re , i n t e r n a l l y  th e  c r i s t a  tym panica 
e x te n d s  much f a r t h e r  m e d ia l ly ;  th e  p r e c i s e  r e l a t i o n s h i p  o f  
an en to ty m pan ic  to  such  a r e s t r i c t e d  ec to tym pan ic  i s  th u s  
u n c le a r .
F:AM 61895 i s  a young in d iv id u a l  ( a d u l t  cheek t e e th  
f u l l y  e ru p te d  bu t c a n in e s  only  b eg in n in g  t o  e ru p t)  with a 
f u l l y  o s s i f i e d  l e f t  b u l l a  p r e s e rv e d .  No d e f i n i t e  
e c to ty m p a n ic /e n to ty m p a n ic  s u tu r e  i s  v i s i b l e ,  but t h e  l i p  
o f  t h e  e x t e r n a l  a u d i to ry  meatus i s  sw o lle n ,  in  an even 
more narrow  s t r i p  th an  i n  F:AM 61961. A gain , th e  a n t e r i o r  
e x te n t  o f  t h i s  p o s s ib l e  d i v i s io n  between an e c to -  and 
en to ty m p an ic  e lem ent i s  n o t  v i s i b l e .  More m e d ia l ly ,  t h e r e  
i s  a ve ry  s l i g h t  change in  c o lo r  and p e rhaps  d e n s i ty  o f 
t h e  bone; i f  t h i s  i s  th e  s i t e  o f  c o - o s s i f i c a t i o n ,  th e n  th e  
e c to ty m p a n ic  c o n t r ib u te d  abou t a t h i r d  o f  t h e  b u l l a ,  th e
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a n t e r o l a t e r a l  w a ll  from th e  s ty lo m a s to id  foramen and 
v ag in a  p rd c e ss u s  hyo ideus p o s t e r o l a t e r a l l y  t o  th e  bony 
t ro u g h  o f  th e  c a n a l i s  m u sc u lo tu b a r iu s .  A n te ro m ed ia lly ,  
t h e r e  i s  a groove t h a t  s e p a r a t e s  a m ed ia l s l i v e r  o f  b u l la  
from th e  main body o f  b u l l a :  t h i s  m ight be i n te r p r e t e d  a s
a n e a r ly  c o - o s s i f i e d  r o s t r a l  e n to ty m p an ic .  Such a 
h y p o th e s is  cou ld  be t e s t e d  by d i s s e c t i o n  o f  t h i s  specimen 
to  d em o n s tra te  t h e  r e l a t i o n s h i p  o f  t h i s  e lem ent w ith  th e  
i n t e r n a l  c a r o t i d  foramen i f  one e x i s t s .
A s w o l le n ,  very  rugose  l i p  v e n t r a l  t o  th e  e x te r n a l  
a u d i to ry  meatus i s  a l s o  p r e s e n t  i n  F:AM 61871 and F:AM 
61876. In  b o th  c a s e s ,  t h e  roughened s u r f a c e  c o n tin u es  
m e d ia l ly  and no c l e a r  s u tu r e  l i n e  i s  v i s i b l e .
Because o f  t h i s  c o n f l i c t i n g  and u n c e r t a i n  ev idence  
abou t th e  m edia l e x te n t  of th e  e c to ty m p a n ic ,  and even 
w hether an en to tym pan ic  c o n t r i b u t i o n  t o  th e  b u lla  i s  
p r e s e n t  a t  a l l ,  t h e  r e s t  o f  t h i s  d e s c r i p t io n  w il l  r e f e r  to  
t h e  e lem ent c o n s t i t u t i n g  th e  b u l l a  a s  " tym panic” . This 
shou ld  n o t  be tak e n  t o  mean t h a t  I  b e l i e v e  no en to tym panic  
i s  p r e s e n t—o n ly  t h a t  I  cannot d i s t i n g u i s h  between th e  two 
e lem en ts  i f  both  a re  p r e s e n t .
As a f u n c t io n  o f  th e  g r e a t  i n f l a t i o n  o f  th e  b u l l a  and 
i t s  r e s u l t i n g  bulbous sh a p e ,  t h e  e x t e r n a l  edge of th e  
tym panic  r in g  i s  o r i e n t e d  v e r t i c a l l y  ( e .g .  F:AM 61871,
F:AM 61876, F:AM 61895) o r  n e a r ly  so  (6 1 ) ,  i n  a p lan e  
o r i e n t e d  from abou t U5 d e g re es  ( e .g .  F:«K 61895) t o  about
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 303
25 o r  30 d e g re es  ( e .g .  F:AM 61961, F:AM 61871, UF 2UU32) 
from s a g i t t a l .  The a n t e r i o r  end of t h e  o v a l  e x t e r n a l  
a u d i to r y  meatus l i e s  m edial t o  t h e  p o s t e r i o r  w all o f  th e  
long p o s tg le n o id  p r o c e s s .  Thus th e  e x t e r n a l  a u d i to r y  
c a n a l  i s  rough ly  c y l i n d r i c a l ,  b u t  o f  a s m a l le r  maximum 
d iam e te r  than  th e  e x te r n a l  a u d i to r y  meatus i t s e l f ,  and a s  
in  o th e r  n im ra v id s ,  t h e  meatus f a c e s  a n t e r o l a t e r a l l y  i n to  
th e  base  c f  t h e  p o s tg le n o id  p r o c e s s .
I n t e r n a l l y ,  th e  c r i s t a  tym panica i s  p o s i t io n e d  q u i te  
m e d ia l ly  and a n t e r i o r l y  r e l a t i v e  to  t h e  e x t e r n a l  edge o f  
t h e  tym panic  r i n g .  The l a r g e  c i r c l e  o f  th e  c r i s t a  
tym panica l i e s  i n  a p la n e  e x te n d in g  d o r s o l a t e r a l l y  to  
v e n t r o m e d ia l ly , a t  an a n g le  a s  l a r g e  a s  30 t o  #0 d e g re e s  
from v e r t i c a l .  A d i s t i n c t  c r i s t a  i s  v i s i b l e  in  an e n t i r e  
c i r c l e ,  even d o r s a l l y .  Thus, a l th o u g h  th e  c r u r a  o f  the 
tym panic  a re  c o - o s s i f i e d  w ith  t h e  a d ja c e n t  c r a n i a l  
e le m e n ts ,  t h e  c ru ra  may pe rhaps  be i n f e r r e d  to  meet and 
form a co m p le te ,  r i n g l i k e  tym panic  ( r a t h e r  than  a U-shaped 
one a s  was s t a t e d  in  B ask in ,  1 9 8 1 ) .  The s t r a i g h t  o r  even 
e m a rg in a te  p o r t io n  o f  th e  c r i s t a  d o r s a l ly  i s  i n t e r p r e t e d  
as  th e  p o r t io n  to  which th e  p a r s  f l a c c i d a  o f  th e  tympanum 
was a t t a c h e d .  A very  r e g u la r  s e m ic i r c l e  i s  c ircu m scr ib ed  
by th e  r e s t  o f  t h e  c r i s t a ,  to  t h e  tym panic  su lc u s  o f  which 
th e  p a r s  te n s a  presum ably was a t t a c h e d .  A l a r g e  p ro c e s s u s  
t u b a r i u s  e x te n d s  p o s te ro m e d ia l ly  from th e  a n t e r i o r  c ru s ,  
a lo n g  th e  a n t e r i o r  edge of th e  ep ity m p an ic  r e c e s s .  This
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p r o c e s s  v a r i e s  in  shape  from long  and narrow ( e .g .  F:AM 
61961 o r  F:AM 61871) to  broadened  and f l a t t e n e d  w i th  a 
s l i g h t  a n t e r i o r  hook ( e .g .  UF 24432).
The i n t e r n a l  s u r f a c e  o f  th e  b u l la  c u rv e s  sm oothly  
from t h e  f l o o r  o f  t h e  b u l l a  i n  a l a t e r a l ,  d o r s a l ,  and 
f i n a l l y  m edial d i r e c t i o n  t o  th e  edge o f  th e  c r i s t a  
ty m p a n ica .  Thus th e  tym panic r i n g  i s  very  t h i c k  and 
t r i a n g u l a r  in  c ro s s  s e c t i o n ,  a s  shown d ia g ra m m a tic a l ly  in  
F ig u re  4 2 . That t h i s  t r i a n g u l a r  s e c t io n  i s  s o l id  bone i s  
d e m o n s tra te d  by a broken p ie c e  o f  th e  tym panic r in g  among 
some f rag m e n ts  a s s o c i a t e d  w ith  F:AM 61895. A n te r io r ly ,  
t h e  tym panic  rem ains t h ic k  b e n ea th  th e  bony channel fo r  
t h e  c a r t i l a g e  o f th e  a u d i to ry  t u b e .
M e d ia l ly ,  v e n t r a l l y ,  and p o s t e r i o r l y ,  th e  w a l l s  of 
t h e  b u l l a  a r e  t h i n ,  and c l e a r l y  u n i la m in a r ,  in  sh a rp  
c o n t r a s t  to  t h e  d o u b le - la y e re d  e n to ty m p an ics  of D in i c t i s . 
N im ravus. and Hoplophoneus. In  many spec im ens , t h r e e  
p a r t i a l  s e p t a  b u t t r e s s  th e s e  w a l l s ,  e a s i l y  seen in  F:AM 
61871 and UF 24432. One septum i s  im m edia te ly  p o s t e r i o r  
t o  th e  ty n p a n ic  r in g  and houses i n  p a r t  t h e  bony ch an n e l 
o f  th e  f a c i a l  c a n a l .  The c r i s t a  e x te n d s  from , v e n t r a l l y ,  
t h e  l e v e l  o f  th e  c e n t e r  o f  th e  m ed ia l fa c e  o f  th e  m asto id  
p r o c e s s  t o ,  a n t e r o d o r s a l l y , t h e  l a t e r a l - m o s t  p o in t  of t h e  
prom ontorium . T h is  c r i s t a  forms th e  a n t e r i o r  w a ll  o f  a 
v a r i a b ly  w e ll  d e f in e d  s in u s  p a r t i a l l y  e x te n d in g  i n t o  th e  
m as to id  p r o c e s s .  (The l a t e r a l  e x te n t  of t h i s  chamber i n t o
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t h e  body o f  th e  m asto id  i s  h idden i n  F ig u re  U0 by th e  
c r i s t a . )
A second c r i s t a  ru ns  a n t e r i o r l y  from t h e  p o s t e r i o r  
l a c e r a t e  foramen t o  t h e  prom ontorium , end ing  j u s t  m edial 
to  t h e  fo s s u la  c o c h le a e .  E nclosed  w ith in  t h i s  c r i s t a  a r e  
two t o  fo u r  ch an n e ls  o f v a ry in g  s i z e s . In  UF 24432, th e  
v e n t r a l - m o s t  p a i r  com p rises  a l a r g e  c a n a l  and im m edia te ly  
n e x t  t o  i t  a sm a l le r  c a n a l ,  a s  i f  f o r  th e  i n t e r n a l  c a r o t id  
a r t e r y  ( in  a much more l a t e r a l  p o s i t i o n ,  c l e a r l y  l iK e  a 
"prom ontory  a r t e r y ” , r a t h e r  th a n  th e  t y p i c a l  c a rn iv o ra n  
m edial p o s i t io n )  and an accompanying i n t e r n a l  c a r o t i d  
n e rv e .  The foram ina more d c r s a l l y  p laced  in  UF 244 32 and 
F:AM 61371 might be f o r  ram i o f  th e  tym panic  n e rv e .  
(Opening e x t e r n a l l y  in  bo th  F:AM 61871 and UF 24432, and 
t h e  l e v e l  o f  t h i s  c r i s t a ,  i s  t h e  opening o f  the  c a n a l  f o r  
t h e  a u r i c u l a r  branch c f  t h e  vagus n e rv e ,  c l e a r l y  o r i e n t e d  
a n t e r o l a t e r a l l y  and n o t  in  l i n e  w ith  th e  c r i s t a . )
T h is  p o s t e r i o r  c r i s t a  i s  r e p r e s e n te d  on ly  by a low 
s w e l l in g  and a few s p i c u l e s  o f bone in  F:AM 61876. 
E x t e r n a l l y ,  on ly  one l a r g e  c a n a l  can be seen  to  run  w ith in  
t h i s  low c r i s t a  to  t h e  prom ontorium ; d o r s a l  to  i t s  
e x t e r n a l  opening i s  t h e  p o s t e r i o r  mouth c f  th e  
a n t e r o l a t e r a l  c an a l  f o r  th e  a u r i c u l a r  branch of th e  vagus. 
T h is  specimen has i n s t e a d  o f  t h i s  p o s t e r i o r  c r i s t a ,  a t h i n  
o b l iq u e  c r i s t a  o r  s h e l f  o f  bone from th e  c e n te r  o f  the  
m edia l w a ll  o f  th e  b u l l a .
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The t h i r d  c r i s t a  i s  in  t h e  a n te ro m e d ia l  c o rn e r  o f  t h e  
b u l l a ,  and i s  th e  one most remarked upon in  th e  l i t e r a t u r e  
t o  d a t e .  I t s  d o rs a l  edge ru n s  from t h e  m edial s id e  of t h e  
c a n a l i s  m u sc u lc tu b a r iu s  p o s t e r i o r l y  t o  t h e  promontorium, 
b u t v e n t r a l l y  t h i s  c r i s t a  c u rv e s  mediad to  fcrm a 
h o r i z o n t a l  septum . Thus i t s  d o r s a l  m argin i s  much l ik e  
t h e  c u rv e  o f  th e  a n t e r i o r  end o f  th e  en to tym pan ic  in  
D i n i c t i s .  However, i t  i s  n e t  c l e a r  how com parable th e s e  
c r i s t a  a r e  because  t h e  l i m i t s  o f  th e  ec to ty m pan ic  a re  
d i s c e r n i b l e  in  D i n i c t i s  whereas th e  number, d e f i n i t i o n ,  
and e x te n t  o f bony e le m e n ts  in  t h e  b u l la e  o f  B a rb o u ro fe l i s  
a r e  n o t  known. C e r ta in ly  th e  h o r i z o n t a l  o r i e n t a t i o n  of 
t h e  v e n t r a l  p o r t io n  o f  t h i s  c r i s t a  i s  u n l ik e  th e  c o n d i t io n  
in  D i n i c t i s .
B askin  (1981) a l s o  compared th e  c r i s t a e  in  th e  
a n te ro m e d ia l  c o rn e r  o f  th e  b u l l a e  o f  both  D in i c t i s  and 
B arbou ro fe l i s  w ith t h e  p a r t i a l  septum seen  in  c a n i d s .  As 
can be se en  in  F ig u re  U8, th e  can id  septum i s  l a r g e r  and 
o r i e n t e d  very d i f f e r e n t l y ,  s lo p in g  d o rso m e d ia lly  to  
v e n t r o l a t e r a l l y ,  and e x te n d in g  n e a r ly  t o  th e  l e v e l  o f  th e  
m iddle  o f  t h e  tym panic  r i n g .  I t s  d o r s a l  edge l i e s  m edial 
and even ex ten ds  p o s t e r i o r  to  th e  prom ontorium . The can id  
septum i s  formed by th e  in cu rv e d  edge c f  th e  cauda l 
e n to tym pan ic  a t  th e  p o in t  o f  f u s io n  between e c to -  and 
e n to ty m pan ics  (Hunt,. 197U) ; th e  com po s it io n  c f  th e  c r i s t a  
in  B arbourof e l i s  i s  u n c e r t a i n ,  a s  no ted  above (and th e
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e n to ty m p an ic ,  which in  D i n i c t i s  fcrm s th e  a n t e r i o r  
p a r t i t i o n ,  c l e a r l y  does n o t  f u s e  to  th e  e c to ty m p a n ic —se e  
t h e  d i s c u s s io n  under D i n i c t i s ) .
B askin  i d e n t i f i e d  t h e  body o f  t h e  c r i s t a  in  UF 24432 
a s  being  composed of cau d a l  e n to ty m p a n ic ,  and th e  sm a ll  
t r i a n g u l a r  p ie c e  o f  bone a t  t h e  d o r s o l a t e r a l  edge o f  th e  
c r i s t a  a s  p o s s ib ly  t h e  r o s t r a l  e n to ty m p an ic ,  o r  p o s s ib ly  a 
broken fragm ent o f  t h e  c a u d a l  en to ty m pan ic  (B ask in , 1981:
127)•  Given th e  n a tu r e  o f  th e  s e p a r a t io n  ( i t  look s  more 
l i k e  a b reak  th a n  a s u tu r e )  and th e  ab sen ce  c f  a 
d i s t i n g u i s h a b l e  e lem en t in  F:AM 61871 o r  F:AM 61876, I  
would n o t  c o n s id e r  i t s  i d e n t i f i c a t i o n  a s  a r c s t r a l  
en to ty m p an ic  w e l l  su p p o r te d .  The wbony canal** (B ask in , 
1981: 127) in  t h i s  e lem ent in  UF 24432, when viewed under 
m a g n i f ic a t io n  th rough  a b reak  in  th e  b u l l a  where t h e  hyoid  
p ro b ab ly  i n s e r t e d ,  can  be seen  t o  be a c ro s s  s e c t i o n  of a 
c e l l  in  th e  h ig h ly  pneum atized  bone .
No d e f i n i t e  s t y l i f o r m  p ro c e s s  i s  p r e s e n t  in  any 
specim en I  s t u d i e d ,  a l th o u g h  th e  r u g o s i ty  a t  th e  a n t e r i o r  
edge o f  th e  b u l l a  in  UF 24432 m ight be i n t e r p r e t e d  as an 
i l l - d e f i n e d  o n e .  U nlike  t h e  c o n d i t io n  in  D i n i c t i s . 
N im ravus. o r  Hop lophoneus. th e  b u l l a  i s  produced i n t o  a 
d i s t i n c t  a n te ro m e d ia l  p ro c e ss  a s  i s  t y p i c a l  fo r  many o th e r  
c a r n iv o r a n s .  T his p ro c e s s  i s  c l e a r l y  seen  in  F:AM 61895, 
f o r  exam ple , which i s  young enough t h a t  t h e  s u tu r e s  in  
t h i s  r e g io n  a r e  s t i l l  open .
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A t h i c k  m edial w a l l  t o  th e  c a n a l i s  m u sc u lo tu b a r iu s  i s  
formed by th e  a n te ro m e d ia l  p ro c e s s .  A th in  l a y e r  o f  
tym panic  r o o f s  t h i s  c a n a l  a s  w e l l ,  b u t  th e  a n t e r o l a t e r a l  
w a l l  i s  in c o m p le te ,  so  t h a t  th e  r e s t  o f  th e  can a l  i s  
formed by th e  squam osal. Two l a r g e  v e s s e l s  o r  s t r u c t u r e s ,  
a t  l e a s t ,  must have passed  th rough  t h i s  c a n a l ,  as 
dem o n s tra ted  by th e  p a r t i a l  d i v i s io n  i n to  a s l i g h t l y  
l a r g e r  b a r r e l  m e d ia l ly  and a s m a l le r  one l a t e r a l l y .  The 
a n t e r o l a t e r a l  one i s  aimed a t  t h e .p r o c e s s u s  t u b a r i u s ,  and 
th u s  may have merely conveyed th e  tendon o f  th e  t e n s o r  
v e l i  p a l a t i n i  m uscle . There i s  no c l e a r  c h a r n e l  o r  
foram en in  th e  a n te ro m e d ia l  c o rn e r  of th e  b u l l a  com parable  
t o  th e  foramen seen in  Hoplcphone u s .  n o r  any groove o r  
c h an n e l  i n  th e  e p ity m p an ic  wing o f  t h e  sphenoid  o t h e r  th an  
t h a t  f o r  th e  p te ry g o id  n e rve  (which can  be c l e a r l y  seen in
UF 36867 o r  UF 23796, a s  can th e  p te ry g o id  foramen a t  t h e
a n t e r i o r  end o f  th e  c a n a l  i n  t h e  l a t e r  sp ec im en ),  and
t h e r e f o r e  no d i r e c t  e v id e n ce  f o r  a l a r g e  a n a s to m o tic
branch  from an a sce n d in g  p h a ry n g ea l  a r t e r y  a s  i s  i n f e r r e d  
f o r  t h e  o th e r  th r e e  g e n e r a .  However, UF 244 32 has not 
on ly  a l a r g e r  i n t e r n a l  c a r o t i d  foramen th an  one would 
expec t,  on t h e  b a s i s  o f  th e  s i z e  o f  t h e  p o s t e r i o r  c a r o t i d  
fo ram en, bu t a l s o  a s h o r t  b u t  r a t h e r  l a r g e  d ia m e te r  su lc u s  
headed a n te ro m e d ia l ly  o u t  o f  t h a t  foramen on th e  f l e e r  o f 
th e  c r a n i a l  c a v i t y .  T h is ,  however, i s  e x tre m e ly  tenu ous  
e v id e n ce  from which t o  deduce th e  e x i s t e n c e  o r  prominence
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 309
o f  any p a r t i c u l a r  a r t e r i a l  su pp ly  t o  th e  i n t r a c r a n i a l  
c i r c u l a t i o n .
A v e ry  sm a ll  blood v e s s e l  o r  n e rve  i s  i n d i c t e d ,  
however, by a very  sm a l l  s u b s id i a r y  bony c a n a l  on th e  
i n t e r n a l  s u r f a c e  o f  t h e  m edial w a l l  o f  th e  c a n a l i s  
m u sc u lo tu b a r iu s  in  s e v e r a l  specim ens o f  B. l ove i (UF 24432 
and UF 24430) and th e  j u v e n i l e  s k u l l  F:AM 61895, 
presum ably  a B. m o r r i s i . The s u lc u s  f o r  th e  p te ry g o id  
n e rv e  i s  d i s t i n c t l y  l a t e r a l  t o  t h i s  o sseo u s  c a n a l ,  in  t h e  
r o o f in g  sphenoid  p l a t e ;  th e  i d e n t i f i c a t i o n  o f  t h i s  s u lc u s  
i s  o f  c o u rse  confirm ed  by th e  t e r m in a t io n  o f  th e  s u lc u s  i n  
t h e  p te ry g o id  foram en. I t  i s  e x tre m e ly  d i f f i c u l t  t o  
d e te rm in e  th e  p o s t e r i o r  c o u rse  o f  t h i s  t i n y  can a l  i n  th e  
w a l l  o f  th e  c a n a l  f o r  th e  a u d i t o r y  tu b e .  I f  one lo o k s  
th ro u g h  th e  e x te r n a l  a u d i to r y  m eatus in  UF 24432 a t  the  
a n te ro m e d ia l  c o rn e r  o f  t h e  tym panic c a v i t y ,  one can see 
d i r e c t l y  v e n t r a l  t o  th e  i n t e r n a l  c a r o t i d  foramen and 
m edia l t o  th e  p ie c e  o f  bone B askin  (1981: 127) su g g es ted  
m ight be a r o s t r a l  e n to ty m p an ic ,  a sm a ll  foramen in  the  
r i g h t  p o s i t io n  and o r i e n t a t i o n  t o  be th e  p o s t e r i o r  opening 
o f  t h i s  c a n a l .  T here  i s  no v i s i b l e  s u lc u s  le a d in g  in  any 
d i r e c t i o n  away from t h i s  fo ram en, however, and no c l e a r  
s u g g e s t io n  of what i t  may have conveyed.
In  th o s e  specim ens m iss in g  most o f  th e  b u l l a ,  th e  
o n ly  p a r t s  t y p i c a l l y  r e t a in e d  a r e  th e  p o s t e r i o r  c r u s  of 
t h e  tym panic  r i n g  and f r e q u e n t ly  th e  a n t e r i o r  c ru s  as
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w e l l .  The m edia l (en to tym panic?) p o r t io n  o f  th e  b u l l a  i s  
a p p a r e n t ly  e x te n s iv e ly  c o - o s s i f i e d  to  th e  e x c c c i p i t a l  and 
m a s to id ,  so t h a t  i t  i s  d i f f i c u l t  to  t e l l  from th e  o u t s id e  
where th e  l i m i t s  o f  t h e  tym panic c a v i ty  a r e ,  o r ,  i n  broken 
sp ec im en s , how much (en to ) ty m pan ic  re m a in s .  M e d ia l ly ,  i f  
t h e  b u l l a  i s  m is s in g ,  a smooth s h e l f  o f  b a s i c c c i p i t a l  
shows th e  e x te n t  to  which th e  b u l l a  o v e r l a p s  t h a t  e le m e n t ,  
b u t  p r e s e n t s  no ev idence  o f  s t r o n g e r  a t ta c h m e n t  f o r  most 
o f  i t s  e x t e n t .  At t h e  p o s t e r i o r  c o rn e r ,  r i g h t  n ex t to  th e  
em a rg in a t io n  f o r  th e  p o s t e r i o r  l a c e r a t e  foram en, t h e r e  i s  
a sm a ll  pa tch  of roughened bone a s  i f  a f i r m e r  con nec tion  
was made. A n t e r i o r l y ,  t h e  s u r f a c e  of c o n ta c t  with th e  
b a s isp h e n o id  i s  very roughened , showing c l e a r l y  t h e  a rea  
o f  a t tach m en t (and t h e  la c k  o f  any p assage  o r  c h a n n e l ,  a s  
m entioned j u s t  p r e v i o u s l y ) .
I f  th e  m edial h a l f  o f th e  f u l l y  o s s i f i e d  b u l la  in  
B a rb o u ro fe l is  i s  c o n s id e re d  en to ty m p an ic ,  i t  i s  ve ry  
im p o r ta n t  to  n o te  t h a t  n o t  only  would t h i s  e lem ent d i f f e r  
from th e  en to tym pan ic  in  Nim ra v u s . D i n i c t i s . and 
Hoplophoneus i n  being  th o ro u g h ly  c o - o s s i f i e d  with t h e  
e c to ty m p an ic  and th u s  form ing a f u l l y  o s s i f i e d  b u l l a ,  b u t  
i t  would a ls o  d i f f e r  in  be ing  c l e a r l y  u n i la m in a r ,  
i n d i s t i n g u i s h a b l e  from th e  m edial w a l ls  o f  any o t h e r ,  very  
i n f l a t e d ,  c a rn iv o ra n  b u l l a .  In  th o se  specim ens i n  which a 
com plete  b u l la  i s  no t p r e s e n t ,  th e  c o n d i t io n  i s  c l e a r l y  
due t o  b reak ag e ;  t h e r e  i s  nc good ev id e n ce  o f  v a r i a t i o n  in
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co m p le ten ess  o f  o s s i f i c a t i o n  w ith in  S a r b o u r o f e l i s .
Tympanic Roof
C o n tra ry  to  th e  f i r s t  im p ress io n s  o f  d e p th ,  g e n e ra te d  
by th e  ve ry  long  m as to id  and p o s tg le n o id  p ro c e s s e s  forming 
t a l l  l a t e r a l  m arg ins t o  th e  a u d i t c r y  r e g i o n ,  th e  
promontorium i s  a c t u a l l y  very  sh a l lo w ly  p laced  when 
compared to  t h e  l e v e l  o f  th e  b a s i o c c i p i t a l . As can be 
c l e a r l y  seen  in  UF 36867, th e  proroontoria  a r e  in  
ap p ro x im a te ly  th e  same p lan e  a s  th e  b a s i o c c i p i t a l .  The 
b a s isp h e n o id  may be a l i t t l e  more v e n t r a l l y  s i t u a t e d ,  bu t 
n o t  much.
P e t r o s a l . —The a lm o s t  c o n ic a l  promontorium i s  f lanked  
or. every  s id e  excep t l a t e r a l l y  by a b ro a d ,  g e n t ly  s lo p in g  
s h e l f  t h a t  o v e r l i e s  t h e  in tu rn e d  d o r s a l  l i p  o f th e  
(en to ? ) ty m p an ic .  T here  i s  no sh a rp  d em arca tio n  by a r id g e  
o r  change in  s lo p e  t o  i n d i c a t e  th e  p o s i t io n  of th e  edge of 
t h e  b u l l a  a s  one t y p i c a l l y  s e e s  in  o th e r  c a r n iv o r a n s :  th e
edge o f  th e  b u l l a  i s  a t t e n u a te d  and h a s  an i r r e g u l a r  
margin (see  F ig u re  UO). But t h e  e x te n t  o f  o v e r la p  seems 
to  be c l e a r l y  i n d ic a t e d  n o n e th e le s s  i n  some specim ens by a 
s l i g h t  change in  th e  t e x t u r e  o f  th e  s u r f a c e ,  and in  UF 
36867, by a sh a rp  change in  c o lo r  o f  t h e  p e t r i f i e d  bene.
T here  a re  no grooves a c r o s s  th e  v e n t r a l  s u r f a c e  of 
th e  promontorium in  any o f  th e  specim ens examined h e r e .
A l a r g e ,  sh a l lo w , v e n t r a l l y  f a c in g  c o n ca v ity  marks
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t h e  a p e r tu r e  o f  th e  c o c h le a r  f o s s u l a — m arkedly l a r g e r  th a n  
t h e  a p e r t u r e s  in  th e  o th e r  t h r e e  genera  s tu d ie d  h e re  in  
d e t a i l .  I t  i s  v a r i a b l e  to  what e x te n t  th e  rim  of t h i s  
f o s s u l a .  e s p e c i a l l y  t h e  m edial s i d e ,  may be sh a l lo w ly  
e m a rg in a te .  I n  no specim en examined h e r e ,  however, was 
t h e r e  a d i s t i n c t  channe l o r  s u lc u s  ru n n in g  t o  o r  c r o s s in g  
t h e  a p e r t u r e  o f  th e  f o s s u l a .
The s m a l l e r ,  o v a l  v e s t i b u l a r  f e n e s t r a  i s  p o s i t io n e d  
a s  in  th e  o t h e r  n im ra v id s— d o r s a l ly  on th e  a n t e r o l a t e r a l  
f a c e  o f  th e  prom ontorium .
Because o f  th e  g r e a t  h e ig h t  o f t h e  l a t e r a l  w a l l  o f 
t h e  a u d i to r y  re g io n  and th e  co m p le ten ess  of the  
c o - o s s i f i c a t i o n  between th e  tegmen tympani and th e  
squam o sa l,  i t  i s  g e n e r a l ly  d i f f i c u l t  t o  se e  th e  f a c i a l  
foramen o r  th e  c o n d i t io n  o f  t h e  f a c i a l  s u l c u s .  T h is  a r e a  
i s  u s u a l ly  i n a c c e s s i b l e  in  i n t a c t  specim ens and i s  broken 
i n  i s o l a t e d  p e t r o s a l s .  In  UF 36867, how ever, most o f t h e  
tym panic  r in g  i s  m is s in g  and a s h o r t  f a c i a l  su lc u s  can be 
se en  between th e  base  o f  th e  f a c i a l  c a n a l  a lo n g  th e  m edial 
f a c e  o f  th e  m asto id  and t h e  f a c i a l  foramen in  a t y p i c a l  
p o s i t i o n  im m ediate ly  a n t e r o l a t e r a l  to  th e  f e n e s t r a  
v e s t i b u l i .  A sm all  c i r c u l a r  open ing  i n t o  t h e  f a c i a l  c a n a l  
w i th in  t h e  p e t r o s a l  i s  v i s i b l e  m e d ia l ly ,  in  th e  p o s t e r i o r  
m argin o f  th e  fo s s a  m u sc u la r is  m ajo r, b u t  t h i s  a p p ea rs  t o  
be a sm a ll  im p e r fe c t io n  compared with th e  much more open 
c h a n n e ls  o f te n  seen  i n  th e  o th e r  n im ra v id s .
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The f o s s a  m u sc u la r is  major i s  a sh a l lo w  d e p re ss io n  
a n t e r i o r  t o  t h e  prom ontorium , p a r t l y  c o n ta in e d  on th e  
m edial edge o f  th e  tegmen tympani and p a r t l y  on th e  
ep ity m p an ic  wing from th e  a n t e r i o r  m arg in , o f  e i t h e r  
squam osal o r  spheno id  o r  b o th .  There i s  no a n t e r i o r ,  
ep ity m p an ic  wing from th e  p e t r o s a l .
L a t e r a l l y ,  th e  ep ity m p an ic  r e c e s s  i s  a l a r g e ,  
h e m isp h e r ic a l  c o n c a v i ty ,  p a r t l y  bounded by th e  l a t e r a l  
edge o f  th e  tegmen tym pan i,  b u t  l a r g e l y  c o n ta in e d  w i th in  
th e  squam osa l. The s u t u r e  between th e  two p o r t io n s  i s  
v i s i b l e  on th e  r i g h t  s id e  o f  UF 36867. A t i n y ,  a p p a r e n t ly  
a n t e r i o r l y  d i r e c t e d  foramen i s  p r e s e n t  in  t h e  p o s t e r io r  
w a ll  o f  th e  e p ity m p an ic  r e c e s s ,  im m edia te ly  a d ja c e n t  to  
th e  f a c i a l  s u l c u s .
Spheno id . —The main p a r t  o f  th e  tym panic  c a v i t y  roo f  
i s  formed by an ep itym pan ic  wing from th e  a l i s p h e n o id :  
bo th  UF 36867 and F:AM 61895 e x h i b i t  a s u t u r e  between th e  
a l i s p h e n o id  and squam osal a n t e r i o r  t o  th e  c a v i t y ,  which 
can  t e n t a t i v e l y  be t r a c e d  p o s t e r i o r l y  in  UF 36867 t o  the  
c e n t e r  o f th e  fo s s a  m u sc u la r is  m a jo r .  I n  t h i s  l a t t e r  
spec im en , a sm a ll  s l i t l i k e  foramen i s  p r e s e n t  a n t e r i o r  to  
t h e  f o s s a .
F a r t h e r  a n t e r i o r l y  and v e n t r a l l y ,  t h e  a n t e r i o r  wall 
o f th e  tym panic  c a v i t y  i s  grooved by two o r  th re e  c l e a r  
c h a n n e ls ,  fo rm ing  two o r  more fo ram ina  in  t h e  G la se r ia n  
f i s s u r e  when th e  tym panic i s  in  p l a c e ,  a s  i n  UF 2UU32 o r
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F:AN 61871.
M e d ia l ly ,  an ep itym pan ic  wing of th e  b a s isp h e n o id  
com ple tes  th e  r o o f ,  b e a r in g  on i t s  v e n t r a l  s u r f a c e  a 
d i s t i n c t  s u lc u s  f o r  t h e  p te ry g o id  n e rv e  and m ed ia l ly  a 
l a r g e  ru g o se  a re a  to  which th e  a n te ro m e d ia l  c o rn e r  o f  th e  
b u l l a  a t t a c h e s .
Squam osal. —As mentioned e a r l i e r ,  t h e  squamosal 
l a t e r a l l y  p ro v id e s  most o f  th e  w a l l  o f  t h e  ep itym pan ic  
r e c e s s .  The a n t e r i o r  c ru s  cf t h e  ec to ty m p an ic  must be 
c o - o s s i f i e d  w ith  th e  squamosal because  a t  l e a s t  a fragm ent 
always rem ains a t t a c h e d  t o  th e  base  o f  th e  g len o id  
p e d e s t a l .  S i m i la r ly ,  th e  p o s t e r i o r  c r u s  i s  a ls o  
c o - o s s i f i e d  w ith  th e  squamosal o r  m asto id  j u s t  a n t e r i o r  t o  
th e  hyoid  p r o c e s s .  There i s  no h i n t  o f  a su p ra m ea ta l  
f o s s a  above t h e  o sseo u s  e x t e r n a l  a u d i to r y  m ea ta l t u b e .
P r i n c ip a l  Tympanic Spaces and Foramina
For th e  s i z e  of th e  s k u l l  in  Ba r b o u r o f e l i s . and 
compared with th e  o th e r  n im ra v id s ,  th e  t o t a l  volume of th e  
hypotympanic s in u s  i s  l a r g e ,  and th e  b u l l a  rem arkably  
i n f l a t e d .  In  a d d i t i o n  t o  th e  sw o llen  m edial and v e n t r a l  
w a l l s ,  t h e  b u l la  i s  i n f l a t e d  i n t o  th e  l a r g e  m astoid 
p r o c e s s .  The s i z e  o f  th e  m asto id  s in u s  v a r i e s ,  b u t  in  
some ( e . g .  UF 23796) i s  n o t  on ly  l a r g e  b u t  th e  a p e r tu r e  t o  
t h e  s in u s  may even be s l i g h t l y  r e s t r i c t e d ,  sc  a d i s t i n c t  
chamber i s  form ed.
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Tympanic  c a v i t y . —Compared w ith  t h e  l a r g e  
hypotympanic s i n u s ,  t h e  tym panic c a v i ty  p ro p e r  i s  r a t h e r  
narrow  and s m a l l .  The ro o f  i s  o n ly  s l i g h t l y  r e c e s s e d ,  and 
t h e  fo s s a  m u sc u la r is  major sh a l lo w .
Epitym pa n ic  r e c e s s . —The e p ity m p an ic  r e c e s s  
c o n s t i t u t e s  th e  l a r g e s t  p a r t  o f  th e  tym panic  c a v i t y ,  be ing  
ex cav a ted  i n t o  t h e  squam osal d o r s a l  t o  th e  rim of th e  
tym panic a n n u lu s .  I t  i s  a s im p le  h e m isp h e r ic a l  c o n c a v i ty ,  
w i th o u t  t h e  s u b s id i a r y  deeper p ocket n o ted  in  th e  o th e r  
t h r e e  fo rm s. A sm a ll  foramen in  p re s e n t  in  th e  p o s t e r i o r  
w a ll  o f  t h e  r e c e s s  in  UF 36867, b u t  none i s  a p p a re n t  in  
F:AM 61961. In  th e  l a t t e r ,  a tongue  o f  e c to ty m p a n ic ,  from 
t h e  p o s t e r i o r  r a t h e r  th an  a n t e r i o r  c r u s ,  e x te n d s  d o r s a l ly  
i n t o  th e  l a t e r a l  w a ll  o f  th e  e p ity m p an ic  r e c e s s ,  n e x t  t o  
t h e  f a c i a l  s u l c u s .
P o s t e r i o r  l a c e r a t e  foramen and a d ja c e n t  foram en . —A 
l a r g e  c o n f lu e n c e  encompasses b o th  th e  p o s t e r i o r  l a c e r a t e  
and h y p o g lo ssa l  fo ra m in a .  W ithin  t h i s ,  on ly  one foramen 
p ro v id e s  e x i t  f o r  bo th  s igm oid  and i n f e r i o r  p e t r o s a l  
venous s in u s e s  a s  w e ll  a s  ne rves  IX, X, and XI. There  i s  
no s e p a r a t e  p e t r o b a s i l a r  foramen as  t h e r e  i s  in  t h e  o th e r  
n im ra v id s .  The common p o s t e r i o r  l a c e r a t e  foramen v a r i e s  
in  s i z e  and p o s i t i o n .  Some a re  v e ry  l a r g e ,  open gaps a t  
t h e  p o s te ro m e d ia l  c o rn e r  o f th e  b u l la  ( e . g . ,  F:AM 61876), 
w h ile  o t h e r s  a r e  s m a l le r  and more l a t e r a l l y  p laced  ( e . g . ,  
F:AM 61871) .  S ev e ra l  specim ens a r e  b roken  in  ways th a t
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e n a b le  one to  see  t h e  open s u lc u s  on each s i d e  of t h e  
b a s i o c c i p i t a l  f o r  t h e  i n f e r i o r  p e t r o s a l  s i n u s .  In  F:AM 
61895, t h e s e  s u l c i  a r e  r a t h e r  d ia g o n a l ly  p la c e d ,  f a i r l y  
d eep , and very  w e l l  d e f in e d ,  and can be seen  to  run 
d i r e c t l y  t o  t h e  p o s t e r i o r  l a c e r a t e  foramen a t  th e  
p o s t e r i o r  end of th e  b u l l a .
I n t e r n a l  c a r o t i d  foram en. — UF 24432 i s  an i s o l a t e d  
tem pora l re g io n  w ith  th e  p e t r o s a l  in  p la c e  and th e  
e p ity m p an ic  wing from th e  a l i s p h e n o id  i n t a c t .  I t  th u s  
shows ve ry  w ell  t h e  i n t e r a l  c a r o t i d  fo ram en , bounded 
a n t e r o l a t e r a l l y  by a l i s p h e n o id ,  a n te ro m e d ia l ly  by th e  
a n te ro m e d ia l  e x te n s io n  o f  th e  b u l l a ,  and p o s t e r i o r l y  by 
th e  p e t r o s a l .  A s u lc u s  in  th e  a l i s p h e n o id  margin i s  
d i r e c t e d  a n t e r i o r l y  o u t  o f  t h i s  foram en. As mentioned 
ab o v e , t h i s  foramen i s  r a t h e r  l a r g e  compared to  th e  s i z e  
o f  th e  v e s s e l  im p lied  by th e  foramen in  t h e  p o s t e r i o r  w a l l  
o f  th e  b u l l a ,  bu t no grooves or s u l c i  a re  p r e s e n t  t o  g ive  
c lu e s  about o t h e r  g o o d -s iz e d  v e s s e l s  t h a t  may have jo in ed  
th e  i n t e r n a l  c a r o t id  a r t e r y .
P o s t e r i o r  c a r o t i d  foram en. — E a r b o u r o fe l i s  d i f f e r s  
from th e  o th e r  p a l e o f e l i d  genera  in  h av ing  a r a t h e r  more 
m e d ia l ly  p laced  p o s t e r i o r  c a r o t i d  fo ram enf v e n t r a l  t c  th e  
l a r g e  p o s t e r i o r  l a c e r a t e  foramen r a t h e r  th an  f a r  l a t e r a l  
t o  i t .  F u r th e rm o re ,  i n s t e a d  o f  being  a s im p le  foramen 
th ro u g h  th e  w a ll  o f  t h e  b u l l a ,  o r  even a s h o r t  c a n a l  
th rough  a t h i c k  b i la m in a r  e n to ty m p an ic ,  t h e  cana l  h e re
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most re a s o n a b ly  i n t e r p r e t e d  a s  b e in g  t h a t  o f  th e  i n t e r n a l  
c a r o t i d  a r t e r y  a p p e a rs  t o  be formed by a f o ld  o f  t h e  
tym panic  i n  F:AM 61876 and 61871, and f u l l y  w ith in  th e  
c r i s t a  o f  UF 24432. (The i n t e r n a l  s t r u c t u r e  o f  F:AM 61895 
i s  no t  v i s i b l e ,  b u t  th e  e x t e r n a l  p o s i t i o n  o f  t h e  foramen 
i s  com parable  to  t h a t  o f  UF 24432.) I n t e r n a l l y ,  t h e  c a n a l  
th u s  e n c lo se d  by th e  tympanic bone ru n s  a n t e r o l a t e r a l l y  to  
t h e  prom ontorium , opening  o n to  th e  promontorium 
im m edia te ly  m edia l t o  th e  c o c h le a r  f o s s u l a ,  th u s  t r a c i n g  a 
p a th  l i k e  t h a t  o f  th e  s o - c a l l e d  "prom ontory  a r t e r y ” or 
"prom ontory b ranch  o f  th e  i n t e r n a l  c a r o t i d  a r t e r y ” . The 
p o s t e r i o r  c a r o t i d  foramen i s  f r e q u e n t ly  accompanied by a t  
l e a s t  one o th e r  foramen o r  ch an n e l in  th e  f o ld  of b u l l a ,  
presum ably  f o r  th e  i n t e r n a l  c a r o t i d  n e rv e .
O th e r  fo ram ina  and f e n e s t r a e . —A d i s t i n c t  s u lc u s  f o r  
t h e  n e rv e  o f  th e  p te ry g o id  c a n a l  i s  u s u a l ly  v i s i b l e  on th e  
v e n t r a l  s u r f a c e  o f  t h e  sp h e n o id ,  end ing  a n t e r i o r l y  a t  th e  
e n t r a n c e  to  t h e  p te ry g o id  c a n a l .  P o s t e r i o r l y ,  th e  su lc u s  
u s u a l ly  weakens, but in  UF 36867, a foram en i s  v i s i b l e  in  
l i n e  w ith  th e  s u l c u s ,  a t  t h e  a n te ro m e d ia l  c o rn e r  o f  th e  
f o s s a  m u sc u la r is  m a jo r ,  between th e  tegmen tympani c f  th e  
p e t r o s a l  and th e  e p ity m p an ic  wing o f  t h e  a l i s p h e n o id .  On 
t h e  c r a n i a l  s i d e ,  th e  d o r s a l  end of t h i s  p a ssag e  l i e s  j u s t  
l a t e r a l  t o  th e  i n t e r n a l  c a r o t i d  fo ram en, a t  th e  l e v e l  o f  
t h e  h i a t u s  f a c i a l i s  in  th e  f a c e  o f  th e  p e t r o s a l .
As no ted  f o r  th e  o th e r  n im ra v id s ,  t h e  foramen ova le
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i s  sunk i n t o  a common fo s s a  w ith  th e  p o s t e r i o r  a l a r  
foram en, a l th o u g h  no t a s  deep ly  a s  t y p i c a l  f o r  th e  o t h e r s .
The G la s e r ia n  f i s s u r e  i s  f r e q u e n t ly  formed i n t o  one 
o r  two d i s t i n c t  fo ra m in a ,  presum ably f o r  passage  o f  the  
chorda  tym pani nerve  and a s s o c i a t e d  b lood v e s s e l s  o u t  o f 
t h e  tym panic  r e g io n  between th e  e c to ty m p an ic  and spheno id  
o r  squam osa l.
L a t e r a l  t o  th e  G la s e r ia n  f i s s u r e  i s  th e  p o s tg le n o id  
p ro c e s s  and tym panic n o tc h .  In  B a r b o u r o f e l i s . t h e r e  i s  no 
t r a c e  of a p c s tg le n o id  foram en, im ply ing  t h a t  th e  r a t h e r  
l a r g e  sigm oid  s u lc u s  must have c a r r i e d  th e  e n t i r e  venous 
d ra in a g e  f r o s  th e  t r a n s v e r s e  s i n u s  i n t r a c r a n i a l l y , 
t r a n s m i t t i n g  i t  to  t h e  i n t e r n a l  j u g u la r  v ia  th e  p o s t e r i o r  
l a c e r a t e  foram en.
C o n tin u in g  l a t e r a l l y  and p o s t e r i o r l y ,  we come next t o  
t h e  p o s i t i o n  o f  th e  s ty lo m a s to id  foram en. What i s  v i s i b l e  
n e x t  t o  th e  b u l l a ,  how ever, a p p e a rs  t o  be a c o n f lu e n c e  o f  
t h e  v ag in a  p ro ce ssu s  hyoideus and th e  foramen 
s ty lom asto ideum  d e f in i t iv u m .  T h is  deep p i t  may be la rg e  
and m o d era te ly  p inched  in  th e  c e n t e r  ( e .g .  F:AM 61895) o r  
may be a s im p le  c i r c u l a r  a p e r t u r e  ( e . g .  F:flM 61871, F ig u re  
40} .
In  UF 24432, th e  bony c a n a l  f l o o r in g  th e  pa th  c f  th e  
a u r i c u l a r  ramus o f  t h e  vagus n e rv e  has b roken  open . T his  
e n a b le s  one t o  t r a c e  w ith  e a se  t h e  pa th  o f  th e  l a r g e  ramus 
from th e  d o rsa l -m o s t  foramen in  th e  common p o s t e r i o r
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l a c e r a t e  foram en, a t  th e  l e v e l  o f  th e  p o s t e r i o r  edge of 
th e  p e t r o s a l ,  towards th e  f a c i a l  c a n a l  on t h e  m edia l fa c e  
o f  th e  m as to id .
A l a s t ,  p u z z l in g  foramen may be m entioned h e r e .  On 
th e  r id g e  o f  e x o c c i p i t a l  form ing th e  l a t e r a l  margin c f  t h e  
p o s t e r i o r  l a c e r a t e  fo ram en , t h e r e  i s  in  UF 2«U32 a 
m o d era te ly  s iz e d  foram en, a p p a r e n t ly  headed 
a n t e r o l a t e r a l l y  i n to  th e  e x o c c i p i t a l  tow ards th e  m a s to id .  
That i t  gave p assage  to  any v e s s e l  o r  nerve  i s  perhaps 
d o u b t f u l :  most o f  t h e  bone in  t h e  s k u l l  o f  Ea r b o u r o f e l i s
i s  so  c a n c e l lo u s  a s  t o  be a lm ost f r o t h y ,  and t h i s  h o le  
cou ld  e a s i l y  be j u s t  a c e l l  a t  t h e  s u r f a c e  i n  a s p o t  where 
th e  p e r io s teu m  f a i l e d  to  cover i t .
A djacen t C ra n ia l  Morpho lo g y
B a s is p h en o id . —U nlike  th e  o t h e r  n im ra v id s ,  
B a rb o u ro fe l i s  has a b u l l a  w ith an a n te ro m e d ia l  p ro cess  
p r o j e c t i n g  benea th  t h e  b a s is p h e n o id ,  which i s  r e l a t i v e l y  
f l a t  w ith  rugose  c o n c a v i t i e s  to  r e c e iv e  th e  p rocess  on 
each s i d e .  Thus th e  s lo p in g  shape  i s  much th e  same, but 
h e re  i s  composed of tym panic r a t h e r  th an  b a s is p h e n o id .
The exposed v e n t r a l  s u r f a c e  of t h e  b a s isp h e n o id  i s  very 
narrow between th e  a n te ro m e d ia l  p ro c e s s e s .
B a s i o c c i p i t a l . — S im i la r ly ,  o n ly  a narrow  s t r i p  of 
b a s i o c c i p i t a l  i s  exposed a n t e r i o r l y  between th e  i n f l a t e d  
b u l l a e .  R a th e r  than being  t r o u g h l i k e ,  however, a s  was th e
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c a se  i n  Hoplophoneus f o r  exam ple , th e  b a s i o c c i p i t a l  in  
B a r b o u ro f e l i s  has a sh a rp  r i d g e  down th e  m id l in e  (h ig h e r  
and e x te n d in g  f a r t h e r  fo rw ard  th a n  t h a t  seen  in. 
Hoplophoneus) , and v e ry  low r i d g e s  on each s id e  a t  the  
edge o f  th e  exposed v e n t r a l  s u r f a c e s .  F u r th e r  l a t e r a l l y ,  
t h e  b a s i o c c i p i t a l  o v e r l i e s  th e  b u l la e  in  a broad f l a t  
s h e l f  t h a t  b e a rs  on i t s  d o r s a l  s u r f a c e  an open channe l f o r  
t h e  i n f e r i o r  p e t r o s a l  s i n u s .  Thus, t h e r e  i s  no 
developm ent o f  th e  deep v e r t i c a l  f la n g e s  se en  i n  o th e r  
n im ra v id s ,  bu t r a t h e r  a b ro ad ,  h o r i z o n ta l  c o n t a c t ,  l i t t l e  
i f  any r e c e s s in g  o f  t h e  a u d i to r y  re g io n  above th e  l e v e l  o f  
t h e  b a s i o c c i p i t a l f and no f la n g e  ro o f in g  th e  su lc u s  fo r  
t h e  i n f e r i o r  p e t r o s a l  s i n u s .
L a t e r a l  ma rg in  o f  a udi to r y  r e g io n . —O bviously 
c o r r e l a t e d  w ith  th e  ex trem e s a b e r to o th y  in  th e s e  a n im a ls ,  
t h e  g le n o id  f o s s a  i s  s e t  on th e  end o f  a l a r g e ,  v e n t r a l l y  
d i r e c t e d  p e d e s t a l ,  fo rm ing  th e  a n t e r i o r  s i d e  of t h e  deep 
tym panic n o tc h .  S i m i l a r ly ,  th e  m astoid p ro c e ss  i s  huge, 
fo rm ing  th e  p o s t e r i o r  w all c f  t h e  n o tc h .  More v a r i a t i o n  
in  th e  o r i e n t a t i o n  o f  th e  b lu n t  end o f  th e  m asto id  p ro ce ss  
i s  e v id e n t  w i th in  B arbo u r o f e l i s  th an  was th e  case  i n  
Hoplophoneu s . but in  g e n e r a l ,  i t  f a c e s  more d i r e c t l y  
v e n t r a l l y .  The tympanic no tch  i s  roofed  by a m odera te ly  
w ide , l a t e r a l  s h e l f  o f  squam osa l, c e r t a i n l y  never a s  
ex trem e  a s  t h a t  observed  in  th e  l a r g e s t  Hoplophoneus (F:AM 
102387).
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Because o f  th e  g r e a t  d eg ree  c f  c o - o s s i f i c a t i o n ,  i t  i s  
n o t  p o s s ib l e  t o  d i s t i n g u i s h  a p ro c e s s u s  hyo ideus  from th e  
m asto id*  In  a coup le  o f  specim ens ( e .g .  UF 36867) , i t  
a p p e a rs  a s  i f  th e  hyoid a p p a ra tu s  m ight a t t a c h  a t  a p o in t  
p o s t e r i o r  t o  t h e  s ty lo m a s to id  fo ram en, but t h i s  i s  
c e r t a i n l y  not c l e a r .  Although th e  s u tu r e  can  on ly  be 
t e n t a t i v e l y  t r a c e d ,  th e  c o n d i t io n  in  th e  ju v e n i l e  B. 
m o r r i s i  and t h e  more com plete  B. lo v e i  specim ens i s  t h a t  
t h e  m asto id  p ro c e s s  i s  c o n s t i t u t e d  e n t i r e l y  c f  m a s to id ,  
w ith  o n ly  a ve ry  sm a ll  c o n t r i b u t i o n  o f  squamosal a t  th e  
b a se  a n t e r i o r l y .
P a r o c c i p i t a l  p ro c e s s e s  a r e  e n t i r e l y  a b s e n t ,  
a p p a r e n t ly  r e p la c e d  f u n c t i o n a l l y  by t h e  broad  p o s t e r i o r  
expanse  o f  th e  m asto id  p r o c e s s e s ,  a s  i n d i c a t e d  by th e  
ru g o se  a r e a s  t o  each s i d e  o f  th e  o c c i p i t a l  c o n d y le s .
I n t r a c r a n i a l  Morphology
P e t r o s a l . —Two i s o l a t e d  p e t r o s a l s ,  as  w e ll  a s  a 
v a r i e t y  o f  s k u l l s  broken so  t h a t  th e  i n t r a c r a n i a l  
s t r u c t u r e s  a r e  v i s i b l e ,  p e rm it  d e s c r i p t i o n  o f  th e  
c e r e b e l l a r  f a c e  cx t h e  p e t r o s a l  and su r ro u n d in g  
s t r u c t u r e s .  I n  g e n e ra l  o u t l i n e ,  th e  p e t r o s a l  
i n t r a c r a n i a l l y  i s  a lo n g ,  lew t r i a n g l e .  T here  i s  a 
d i s t i n c t ,  f l a t  a n t e r w l a t e r a l  f a c e  t h a t  l i e s  ap p re ssed  t o  
t h e  broad te n to r iu m  osseum . The d o r s a l  h a l f  of t h e  c r i s t a  
p e t r o s a  i s  s h a r p ,  d iv id in g  t h i s  a n t e r o l a t e r a l  f a c e  from
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t h e  c e r e b e l l a r  f a c e ,  a lth oug h  i t  does n o t  c o n t in u e  
v e n t r a l l y  t o  th e  r o s t r a l  a p ex ,  n o r  i s  i t  produced i n t o  th e  
l a r g e  f l a n g e  such as i s  found i n  c a n id s .  A n t e r i o r l y ,  t h e  
r o s t r a l  apex i s  lo n g ,  e x te n d in g  forw ard t o  t h e  
b a s is p h e n o id .
P o s t e r i o r l y ,  t h e  p e t r o s a l  p r e s e n t s  a wide fa c e  behind 
t h e  i n t e r n a l  a c o u s t i c  m eatus , c o n t r i b u t i n g  a l i t t l e  to  a 
v e ry  b ro a d ,  p o o r ly  d e f in e d  sigm oid s u l c u s .  D o r s a l ly ,  t h i s  
broad f a c e  i s  con cav e , form ing a sh a llow  su b a rc u a te  f o s s a .  
A long f a c e  o f  t h e  p a r s  m as to idea  p r o t r u d e s  d o r s a l l y ,  
p a r a l l e l i n g  t h e  very v e r t i c a l  lam bd o id a l  c r e s t .  T h is  
p ro c e s s  e x te n d s  d ia g o n a l ly  a c r o s s  t h e  s igm oid  s u lc u s  in  UF 
24432, b u t  in  F:AM 61961, a l th o u g h  b ro a d e r ,  ap p ea rs  to  be 
e n t i r e l y  a n t e r i o r  to  th e  s u l c u s .
The i n t e r n a l  a c o u s t i c  meatus i s  i r r e g u l a r  (and 
v a r i a b l e )  i n  o u t l i n e  and th e  s e p a r a t i o n  o f  t h e  f a c i a l  and 
v e s t ib u l o c o c h l e a r  c a n a ls  i s  deep w ith in  th e  m eatus. (The 
d o r s a l  p assage  i s  n o t  su b d iv id e d  in  e i t h e r  UF 23796 or 
F:AM 61895, whereas t h e  v e n t r a l  c an a l  i s  d iv id e d  in  h a l f  
by a bony p a r t i t i o n  in  b o th .)  Not o n ly  i s  t h e r e  no 
ap p ea ra n c e  of sw e l l in g  around th e  i n t e r n a l  meatus (as  
t h e r e  i s  in  Hoplophoneus) , b u t  th e  whole c e r e b e l l a r  face  
o f  th e  p e t r o s a l  i s  e i t h e r  f l a t  o r  s h a l lo w ly  concave .
Deep s l i t s  and c re v a s s e s  run  a lo n g  th e  m edial edge o f  
t h e  p e t r o s a l ,  g iv in g  i t  a ja g g e d ,  l a y e re d  a p p e a ra n c e .  In  
none o f  th e  specim ens I  have examined h as  t h e  p e t r o s a l
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a c t u a l l y  a b u t te d  th e  b a s i o c c i p i t a l .  Only in  one, t h e  
p e t r o s a l  from UF 23796, i s  th e r e  any k ind  o f  smooth a rea  
a lo n g  t h i s  m edial e d g e ,  and in  t h a t  specimen only 
a n t e r i o r l y .  The i n f e r i o r  p e t r o s a l  s u lc u s  on th e  
b a s i o c c i p i t a l  i s  b road  and does n o t  a p p e a r  to  t y p i c a l l y  
in v o lv e  t h e  p e t r o s a l .
The a p e r tu r e  of th e  o sseo u s  c a n a l  f o r  th e  v e s t i b u l a r  
aqueduc t may be t e n t a t i v e l y  rec o g n ize d  on th e  p o s t e r io r  
m argin o f  th e  p e t r o s a l  in  UF 24432 and F:AM 61961, a t  t h e  
l e v e l  o f t h e  s u b a rc u a te  f o s s a .  No a p e r t u r e  fo r  t h e  
c o c h le a r  aqueduct can be i d e n t i f i e d  w ith  any a s s u ra n c e ,  
b ecause  o f  th e  many s l i t s  and c re v a s s e s  a lo n g  th e  
p o s t e r i o r  and m edial m arg in s .
I n t r a c r a n i a l  c a n a l s . —The com plete  absence o f  a 
p o s tg le n o id  foramen a rg u e s  t h a t  a s u p e r io r  p e t r o s a l  s in u s  
was a b s e n t ,  and t h a t  venous d ra in a g e  was e n t i r e l y  v i a  th e  
s i n u s  in  th e  broad  sigm oid  s u l c u s .  A c r o s s  s e c t io n  of th e  
c a n a l  fo r  p a r t  o f  th e  venous d ra in a g e  i s  v i s i b l e  on the  
l e f t  s id e  o f  F:AM 61961 {F ig u re ’4 2 ) .  Much o f  th e  venous 
system  a p p e a rs  t o  have been in  sh a l lo w  s u l c i  r a t h e r  than 
e n c lo se d  in  bone: a channe l im m edia te ly  benea th  th e
te n to r iu m  lo o k s  a s  i f  i t  c o n t r ib u te d  t o  th e  sigmoid s in u s .
I  have n o t  been a b le  t o  re c o g n iz e  a m asto id  foramen 
such a s  i s  found between th e  p o s t e r i o r  w all of th e  sigmoid 
s u lc u s  and th e  back o f  t h e  s k u l l  in  t h e  o th e r  n im ra v id s .
A sm a ll  foramen le a d s  from th e  v e n t r a l  end o f  th e  s u lc u s
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th ro u g h  a s m a l l ,  co m p le te ly  e n c lo se d  c a n a l  f o r  th e  
o c c i p i t a l  s i n u s  in  some specim ens ( e . g . ,  UF 24432, F:AM 
61895, and UF 23796) , bu t  n e t  i n  e t h e r s  ( e . g . ,  F:AM 61961, 
F ig u red  i n  42, and UF 36867).
B arbourof e l i s  i s  a l s o  v a r i a b l e  i n  p o sse s s in g  any 
fo ram ina  t h a t  can be i d e n t i f i e d  a s  p o s t p a r i e t a l  fo ra m in a .  
When p r e s e n t ,  they appear  r a t h e r  v e n t r a l l y  p la c e d ,  because 
o f  t h e  ve ry  pronounced s a g i t t a l  c r e s t .
No ch an n e l can be reco g n ized  f o r  an a n as to m o tic  
b ranch from t h e  i n t e r n a l  m a x i l la ry  a r t e r y  to  th e  m iddle 
m eningeal a r t e r y .  .
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MORPHOLOGICAL DESCRIPTION; FELIDAE
S ince  th e  n im rav id s  have been th o u g h t  t c  be f e l i d s  o r  
c lo s e l y  r e l a t e d  to  f e l i d s  by so  many p a l e o n t o l o g i s t s ,  and 
s i n c e  th e  morphology o f  F e l i s  c a tu s  i s  one o f  th e  b e s t  
known among th e  Mammalia, b r i e f  d e s c r i p t i o n s  a re  p rov ided  
h e re  o f  th e  e x ta n t  genus F e l i s . t h e  Miocene f e l id  
P se u d a e lu ru s  (not s a b e r to o th e d  a t  a l l ) , and the  
P le i s to c e n e  s a b e r tc o th e d  " t i g e r ” Smilodon . These 
d e s c r i p t i o n s  w i l l  p ro v id e  a s t a r t i n g  p o in t  f o r  th e  
com parison  of n im rav ids  w ith  o th e r  c a r n iv o r a n s ,  th e re b y  
in c lu d in g  a n o th e r  s a b e r to o th e d  c a r n iv o r a n .
FELIS
Based in  d e t a i l  on a s e r i e s  o f  15 u n ca ta lo g u ed  F e l i s 
c a t u s , s e c t io n e o  in  a v a r i e t y  o f  p la n e s ,  and AMDM 175101, 
F e l i s  r u f u s .
Tympanic F lo o r : Au d i to r y  B u lla
The ec to tym pan ic  i s  a dense  bone e n c lo s in g  th e  
a n t e r o l a t e r a l  chamber in  th e  f e l i d  b u l l a .  The c ru ra  
appear t o  meet above th e  e x t e r n a l  a u d i to ry  m eatus, 
a l th o u g h  a t  t h i s  p o in t  th ey  a r e  th o ro u g h ly  c c - o s s i f i e d  
w ith  t h e  squam osal. An i r r e g u l a r  ov a l  meatus i s  formed by 
th e  th ic k e n e d  m argin , f a c in g  s l i g h t l y  a n t e r i o r  as w e l l  a s  
l a t e r a l l y ,  bu t  w e ll  behind th e  p o s tg le n o id  p ro c e s s ;  th e
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meatus i s  i n  no way o b s t r u c te d  by the  p o s tg le n o id  p ro c e s s  
a s  was ob se rv ed  in  n im ra v id s .
A h o c k l ik e  p ro c e s s u s  t u b a r i u s  p r o j e c t s  m ed ia l ly  from 
th e  broadened a n t e r i o r  c r u s ,  s t i c k i n g  o u t  h o r i z o n t a l l y  
ben ea th  t h e  a n t e r i o r  p o r t io n  o f  th e  f o s s a  m u sc u la r is  
m a jo r .  T h e . t i p  o f t h e  p ro c e s s  t u r n s  a n te ro m e d ia l ly  
tow ards  th e  c a n a l i s  m u s c u lo tu b a r iu s . A n te r io r  and m edial 
t o  t h i s  p r o c e s s ,  the  a n t e r i o r  c r u s  expands i n t o  a b ro a d ,  
c u p l ik e  shape  encom passing a l a r g e r  chamber i n t e r n a l l y  
th a n  would be deduced from th e  v e n t r a l  s u tu r e  o f  t h e  
sep tum .
No e x t e r n a l  m ea ta l  tu b e  i s  p r e s e n t ,  bu t th e  th ic k e n e d
rim  o f  ec to ty m p an ic  around th e  meatus i s  w ider a n t e r i o r l y
/
so  t h a t  t h e  c r i s t a  tym panica  and tympanic s u l c u s  a r e  s e t  
a t  a s l i g h t l y  more o b l iq u e  a n g le  than  th e  e x t e r n a l  m eatus . 
T h is  a n g le  i s  a l i t t l e  g r e a t e r  th a n  30 d e g re e s ,  bo th  from 
a l i n e  d i r e c t l y  a n t e r i o r - p o s t e r i o r ,  and a l s o  from th e  
v e r t i c a l .
The narrow er p o s t e r i o r  c r u s  cf t h e  e c to ty m p an ic  i s  
fu se d  t c  th e  a n te ro m e d ia l  c o rn e r  of t h e  m a s tc id ,  n e x t  t o  
t h e  hyoid  p ro c e s s  and a n t e r i o r  t o  th e  f a c i a l  c a n a l .  
V e n t r a l l y ,  th e  e c to ty m p an ic  i s  expanded, i t s  medial 
e x te n s io n  c u rv in g  around to  a b u t  th e  en to tym pan ic  and form 
t h e  d o r s a l l y  d i r e c te d  septum .
A s t y l i f o r m  p ro c e s s  i s  v e ry  r a r e l y  i d e n t i f i a b l e  on F . 
c a t u s : o f t e n  t h e  a n te ro m e d ia l  p ro c e ss  i s  m i s id e n t i f i e d  as
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a s ty l i f o r m  p r o c e s s .  The specim en of F . r u f u s  s t u d i e d ,  
how ever, had d i s t i n c t  s ty l i f o r m  p ro c e s s e s  p r o j e c t i n g  
a n te ro m e d ia l ly  b en ea th  th e  c a n a l i s  m u sc u lo tu b a r iu s ,  w ith a 
d o r s a l  r i d g e  p a r t i a l l y  s u b d iv id in g  t h a t  p a s sa g e .
A very  t h i n - w a l l e d ,  i n f l a t e d  en to tym pan ic  form s th e  
r e s t  o f  t h e  b u l l a ,  e n c lo s in g  a second chamber p a r t i a l l y  
m ed ia l b u t  m ostly  p o s t e r i o r  t o  t h e  tym panic  c a v i ty  p ro p e r .  
As can be seen  in  a f r o n t a l  s e c t i o n  th ro u g h  th e  b u l l a ,  t h e  
d o r s a l  rim  o f  th e  septum t r a c e s  a c u rv e ,  f i r s t  d i r e c te d  
p o s t e r i o r l y  from th e  a n t e r i o r  c o rn e r ,  then  bending benea th  
th e  promontorium t o  run  l a t e r a l l y ,  d i r e c t l y  below t h e  
a p e r tu r e  c f  th e  c o c h le a r  f o s s u l a ,  toward th e  s ty lo m a s to id  
foram en.
Low c r i s t a  o r  p a r t i a l  s e p ta  a r e  o c c a s io n a l ly  found 
p r o j e c t i n g  from th e  en to tym p an ic  w a l ls  in  F e j . i s . b u t  not 
l a r g e  o n e s ,  n o r  a re  th e y  found w ith  any r e g u l a r i t y  c f  
p o s i t i o n .  The i n t e r n a l  c a r o t id  a r t e r y  i s  so  reduced  in  £ .  
c a tu s  t h a t  no channel f o r  i t  can be e a s i l y  fcu n d . Long 
a n te ro m e d ia l  p ro c e s s e s  p r o j e c t  forw ard from the 
en to tym p an ic  p o r t io n  o f  t h e  b u l l a ,  ly in g  a p p re ssed  to  th e  
b a s is p h e n o id .  O c c a s io n a l ly ,  th e  b a s isp h e n o id  a l s o  
p rod uces  f l a n g e s  n e x t  t o  t h e s e  p ro c e s s e s  (F ig u re  U3) , b u t  
t h i s  i s  r a r e  and n ev e r  r e p l a c e s  th e  a n te ro m e d ia l  p ro c e s s e s  
e n t i r e l y .
Tympanic Roof
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As in  B a r b o u r o f e l i s . th e  m edia l s i d e  o f  th e  ro o f  o f 
th e  a u d i to r y  re g io n  in  F e l i s  in  no t r e c e s s e d  above th e  
l e v e l  o f  th e  b a s i o c c i p i t a l .  U su a lly  th e  p rom on to ria  a r e  
on t h e  same l e v e l  as  th e  m id i in e  bones, and o c c a s io n a l ly  
w i l l  even p r o j e c t  s l i g h t l y  v e n t r a l  to  th e  b a s i o c c i p i t a l  
(as  in  s k u l l  number 16 in  th e  AMNH te a c h in g  c o l l e c t i o n ) . 
L a t e r a l l y ,  th e  ro o f  o f  t h e  tym panic c a v i ty  p ro p e r ,  th e  
fo s s a  m u sc u la r is  m ajor and ep itym pan ic  r e c e s s ,  a r e  s e t  
much more d o r s a l l y .
The rounded , a lm ost bu lbous promontorium c o n s t i t u t e s  
a much l a r g e r  amount o f  th e  v e n t r a l  s u r f a c e  c f  th e  
p e t r o s a l  i n  F e l i s  th an  i n  th e  n im ra v id s .  Entotym panic 
o v e r la p s  th e  edges o f  th e  b a s i o c c i p i t a l  a s  w e l l  a s  th e  
s k i r t s  o f  th e  prom ontorium . A l l  su rro u n d in g  e lem en ts  
c o n ta c t  th e  p e t r o s a l  c l o s e l y ;  t h e  r o s t r a l  apex of th e  
p e t r o s a l  even o v e r l i e s  t h e  ep ity m pan ic  wing of th e  
sp h e n o id .
On th e  v e n t r a l  s u r f a c e ,  th e  a p e r tu re  o f  th e  c o c h le a r  
f o s s u la  i s  u s u a l ly  q u i t e  ro und , o f  a m odera te  s i z e ,  and 
d i r e c t e d  both p o s t e r o l a t e r a l l y  and v e n t r a l l y .  D o rsa l ly  on 
th e  a n t e r i o r  s id e  of th e  prcm ontorium , th e  v e s t i b u l a r  
f e n e s t r a  i s  sm a ll  and ve ry  round , and a p p e a rs  t o  be s e t  
i n s i d e  a sha llo w  f o s s u l a ,  th e  d o r s a l  rim o f  which i s  th e  
p o s t e r i o r  margin o f  t h e  f a c i a l  c a n a l .  No g rooves  were 
n o t ic e d  on th e  v e n t r a l  s u r f a c e  o f  th e  p e t r o s a l .
The f a c i a l  foramen i s  p o s i t io n e d  very  f a r  l a t e r a l l y .
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and above a s t r u t  of bone ex te n d in g  from th e  l a t e r a l  
m argin o f  th e  fo s s a  m u sc u la r is  major t o  a broad c o n ta c t  
below th e  p ro ce ssu s  hyo ideus (see  F ig u re  43) . T urn ing  
p o s t e r i o r l y  a lm o s t  im m ed ia te ly ,  th e  f a c i a l  s u lc u s  ru n s  t o  
t h e  b ase  of t h e  m asto id  p ro ce ss  and v e n t r a l l y  down i t s  
m ed ia l f a c e ,  covered over m e d ia l ly  by e n to ty m p an ic .
A l a r g e ,  h e m isp h e r ic a l  f o s s a  m u sc u la r is  major i s  
e n t i r e l y  c o n ta in e d  w i th in  th e  tegmen tympani of th e  
p e t r o s a l .  L a t e r a l l y ,  th e  m edial t h i r d  o f  t h e  ep ity m p an ic  
r e c e s s  i s  ro o fed  by t h e  p e t r o s a l ,  and th e  r e s t  by t h e  
squam osa l. In  some spec im ens , I  th in k  I  can see  what may 
be a sm a ll  foramen in  t h e  p o s t e r io r  p a r t  o f  the  
ep ity m pan ic  r e c e s s ,  b u t  no t  w ith  any c e r t a i n t y .  And 
c e r t a i n l y  D avis and S to ry  (1943) d id  n o t  show th e  passag e  
of any nerve  o r  a r t e r y  a t  t h a t  p o in t .
Medial t o  th e  f o s s a  m u sc u la r is  m a jo r ,  t h e  p e t r o s a l  i s  
e m a rg in a te ,  m atching a deeper n o tch  in  th e  e p ity m p an ic  
wing o f  t h e  sp h e n o id ,  f o r  the  passage  o f  t h e  g r e a t e r  
s u p e r f i c i a l  p e t r o s a l  nerve e x t r a c r a n i a l l y  tow ards t h e  
p te ry g o id  c a n a l ,  th ro u g h  a d i s t i n c t  g roove on  th e  v e n t r a l  
s u r f a c e  o f  th e  sp h e n o id .
P r i n c ip a l  Tympanic Spaces and Foramina
A l a r g e  hypotym panic s in u s  and tym panic  c a v i ty  p roper 
a r e  en c lo sed  by th e  i n f l a t e d  b u l l a .  Expansion 
p o s t e r i o r l y ,  behind th e  p e t r o s a l ,  r e s u l t s  i n  an e x c a v a t io n
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i n t o  th e  p a r o c c i p i t a l  p ro c e s s ,  so  t h a t  th e  l a t t e r  cups th e  
r e a r  o f  t h e  b u l l a .
Much has been made by some o f  th e  i n c lu s io n  o f  th e  
h y p o g lo s sa l  foramen in  a common f o s s a  w ith  t h e  p o s t e r i o r  
l a c e r a t e  foramen in  f e l i d s  c r  a e l u r o i d s .  As dem onstra ted  
by C lark  and Guensburg (1972), t h i s  c o n d i t io n  i s  v a r i a b l e ,  
n o t  o n ly  w i th in  t h e  fam ily  F e l id a e ,  b u t  w i th in  s p e c i e s .  
When c o n f lu e n c e  i s  p r e s e n t ,  i t  i s  a f u n c t io n  of b o th  th e  
a n t e r i o r  d i r e c t i o n  o f  th e  opening  o f  t h e  h y p o g lo ssa l  
foramen and th e  p re sen c e  o f  r i d g e s ,  one ru nn ing  back from 
above the_ m edial margin o f  th e  b u l l a ,  and th e  o th e r  
t r a n s v e r s e l y  from th e  p a r o c c i p i t a l  p ro c e s s .  Although 
v a r i a b l e ,  co n flu en ce  i s  a p p a r e n t ly  a d e r iv e d  f e a t u r e  
w i th in  t h e  A e lu ro id e a .
A s i n g l e  foramen a t  th e  p o s te ro m e d ia l  c o rn e r  o f  th e  
b u l l a ,  t h e  p o s t e r io r  l a c e r a t e  fo ram en , p ro v id e s  e g r e s s  f o r  
t h e  t h r e e  c r a n i a l  n e rv es  IX , X, XI and th e  two venous 
s i n u s e s ,  th e  i n f e r i o r  p e t r o s a l  and th e  s igm o id , o f t e n  
a l r e a d y  c o n f lu e n t  a s  th e  i n t e r n a l  j u g u la r  v e in .  T h is  
l a r g e  foramen i s  q u i t e  m e d ia l ly  p la c e d .
An i n t e r n a l  c a r o t i d  foramen i s  p r e s e n t ,  j u s t  a n t e r i o r  
t o  th e  r o s t r a l  apex o f  th e  p e t r o s a l ,  in  a deep n o tch  in  
t h e  b a s is p h e n o id .  Although D avis and S to ry  (1943) 
d em o n s tra ted  t h a t  th e  i n t e r n a l  c a r o t i d  in  t h e  dom estic  c a t  
i s  occ luded  a t  t h e  l e v e l  o f  t h e  b u l l a ,  th ey  found in s te a d  
t h a t  an a n a s to m o tic  branch from th e  a sce n d in g  pharyngea l
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a r t e r y  passed  p o s t e r i o r l y  i n to  t h e  a p e r t u r e  a t  th e  
a n te ro m e d ia l  c o rn e r  o f  th e  b u l l a ,  nex t to  th e  c a n a l i s  
m u sc u lo tu b a r iu s  p ro p e r ,  jo in e d  th e  loop of i n t e r a l  c a r o t id  
a r t e r y  and th u s  formed p a r t  o f  t h e  c e r e b r a l  a r t e r i a l  
s u p p ly .  When a p o s t e r i o r  c a r o t i d  foramen can be 
i d e n t i f i e d  in  F e l i s . i t  i s  a sm a ll  foramen e n te r in g  the  
b u l l a  o r a passage  between th e  b u l l a  and th e  b a s i o c c i p i t a l  
a t  t h e  a n te r io r - m o s t  c o rn e r  o f  th e  p o s t e r i o r  l a c e r a t e  
foram en.
An a l i s p h e n o id  c a n a l  i s  e n t i r e l y  l a c k in g ;  t h e  foramen 
o v a le  i s  i n  a f a i r l y  t y p i c a l  p o s i t i o n  m edial to  t h e  
g le n o id  f o s s a .  The p a ssa g e s  f o r  th e  chorda tympani nerve  
and a s s o c i a t e d  blood v e s s e l s  a r e  s m a l l ,  d i s t i n c t  fo ram ina  
w i th in  t h e  G la se r ia n  f i s s u r e .  Modern f e l i d s  a re  u s u a l ly  
s a id  t o  be l a c k in g  p o s tg le n o id  fo ra m in a .  C e r t a in ly  they  
a r e  ex trem ely  sm a l l ,  bu t s e v e r a l  o f t h e  F e l i s  s k u l l s  I  
examined had very  t i n y ,  b i l a t e r a l  fo ram ina  on th e  
p o s t e r i o r  w a ll  o f  th e  p o s tg le n o id  p ro c e s s .
A t i n y  c a n a l  between th e  e x o c c i p i t a l  and m asto id  
p o s t e r i o r l y  and t h e  en to tym pan ic  a n t e r i o r l y  g ives passag e  
l a t e r a l l y  t o  t h e  a u r i c u l a r  ramus of t h e  vagus n e rv e ,  from 
t h e  p o s t e r i o r  l a c e r a t e  t o  th e  f a c i a l  c a n a l .
A d jacen t C ra n ia l  Morphology
Both b a s isp h e n o id  and b a s i o c c i p i t a l  a r e  broad and 
r e l a t i v e l y  f e a t u r e l e s s  v e n t r a l l y .  L a t e r a l  t o  th e  a u d i to r y
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c a v i t y ,  t h e  g len o id  fo s s a  i s  t r a n s v e r s e l y  e lo n g a te ,  a s  i s  
common among c a r n iv o r a n s ,  and n o t  p e d e s t a i l e d .  The 
tym panic  notch  i s  sh a l lo w , overhung by a m odera te ly  b ro ad , 
s l i g h t l y  concave, squam osal s h e l f .  W ithin dom estic  c a t s ,  
t h e  s i z e  o f  t h e  m asto id  p ro c e ss  i s  r a t h e r  v a r i a b l e .  In  
t h e  w ild  s p e c i e s ,  th e  m asto id  i s  u s u a l ly  o f moderate s i z e ,  
b u t  c e r t a i n l y  n o th ing  l i k e  th e  h y p e r t ro p h ie d  p ro c e s s e s  o f  
n im ra v id s .  The p a r o c c i p i t a l  p ro c e s s e s  a r e  b road , t h in  
s h e e t s  o f  bone a p p re sse d  t o  and cupping  th e  p o s t e r i o r  p a r t  
o f  th e  b u l l a .  P r o j e c t in g  p a r a o c c i p i t a l  p ro ce sse s  may be 
more o r  l e s s  developed  w i th in  f e l i d s ,  in  a d d i t io n  t o  th e s e  
cupp ing  s h e e t s  o f  bone.
I n t r a c r a n i a l  Morphology
The p e t r o s a l  p r e s e n t s  a r a t h e r  t r i a n g u l a r  o r p o in te d  
o v a l  shap e  i n t r a c r a n i a l l y .  A broad a n t e r o l a t e r a l  f a c e  i s  
o v e r l a in  by a w ell deve loped  te n to r iu m ;  th e  c r i s t a  p e t r o s a  
i s  sh a rp  d o r s a l l y ,  much a s  in  B a r b o u r o f e l i s . The 
s u b a rc u a te  fo ssa  i s  d i s t i n c t  and r a t h e r  deep in  t h e s e  
sp e c im en s ,  th e  rounded prom inence o f  th e  s u p e r io r  o r  
d o r s a l  s e m ic i r c u l a r  c a n a l  o f te n  showing c l e a r l y  around th e  
f o s s a .  The i n t e r n a l  a c o u s t i c  m eatus i s  a s i n g l e  deep 
o p e n in g .
A sh a l lo w  e m a rg in a t io n  a c r o s s  th e  r o s t r a l  apex may 
r e p r e s e n t  a s u lc u s  f o r  t h e  t r ig e m in a l  n e rv e ,  bu t  t h i s  i s  
n o t  c l e a r .  The h i a t u s  f a c i a l i s  opens on th e  a n t e r o l a t e r a l
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f a c e ,  u s u a l ly  covered by th e  t e n to r iu m .  A f i s s u r e - l i k e  
open ing  a t  th e  t i p  o f  th e  r c s t r a l  apex i s  t h e  i n t r a c r a n i a l  
a p e r t u r e  o f  t h e  i n t e r n a l  c a r o t i d  foram en. One of t h e  
s e v e r a l  t i n y  foram ina in  th e  margin o f  th e  p e t r o s a l  d o r s a l  
t o  t h e  p o s t e r i o r  l a c e r a t e  foramen must r e p r e s e n t  th e  
a p e r t u r e  o f  th e  bony c a n a l  f o r  th e  c o c h le a r  aq u ed u c t.
More d o r s a l l y ,  t h e  opening  of t h e  c a n a l  f o r  th e  v e s t i b u l a r  
aqueduc t and th e  s l i t  t h a t  housed th e  endolym phatic  sac  i s  
e v id e n t .
Most o f  th e  venous d ra in a g e  from th e  p o s t e r i o r  
p o r t io n  o f  th e  b r a in c a s e  and meninges c o l l e c t s  in  t h e  
sigm oid  s i n u s ,  ly in g  in  t h e  broad  s u lc u s  p o s t e r io r  to  th e  
p e t r o s a l  (F igure  ttU), and e x i t s  th e  s k u l l  v i a  th e  
p o s t e r i o r  l a c e r a t e  fo ram en . V e n t r a l ly ,  th e  p e t r o b a s i l a r  
c a n a l ,  formed by th e  m ed ia l m argin  of th e  p e t r o s a l  and th e  
s u l c u s  in  th e  b a s i o c c i p i t a l ,  houses t h e  i n f e r i o r  p e t r o s a l  
s i n u s ,  c o n n ec tin g  th e  cavernous s in u s  a n t e r i o r l y  and th e  
i n t e r n a l  ju g u la r  p o s t e r i o r l y .
The can a l  in  th e  e x o c c i p i t a l  f o r  th e  o c c i p i t a l  s in u s  
ru n s  from th e  p o s t e r io r  margin o f  th e  sigm oid  s u lc u s  back 
t o  a l a t e r a l  foramen a t  t h e  p o s t e r i o r  margin of th e  w a lls  
o f  t h e  foramen magnum. I  can n o t  f in d  any mere d o r s a l  
e x i t  from th e  sigmoid s u lc u s  t o  a m asto id  foramen a s  seen 
in  D in je t i s , Nim ravus. o r  H cplophcneus. nor can I  f i n d  a 
p o s t p a r i e t a l  foramen e x t e r n a l l y .  F i n a l l y ,  I  can n o t  f in d  
c l e a r  ev id en ce  in  th e  i n t r a c r a n i a l  s u r f a c e  o f  th e  bones
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f o r  an a n as to m o tic  ramus from t h e  i n t e r n a l  m a x i l la ry  
a r t e r y  t o  th e  m eningeal a r t e r y .
PSEUDAELURUS
Based in  d e t a i l  on F:AM 61834, F:AM 61835, and F:AM 69330.
Tympanic F lo o r :  Audi t o r y  B u lla
Complete b u l la e  a r e  f a i r l y  f r e q u e n t ly  p re s e rv e d  in  
f o s s i l  f e l i d s :  th e  septum a p p a re n t ly  s t r e n g th e n s  th e
b u l l a ,  s in c e  i f  i t  i s  b ro k en , o f t e n  t h e  ec to ty m p a n ic  w ith  
septum w i l l  be th e  main s t r u c t u r e  re m a in in g .  Somewhat a s  
in  P e l i s . th e  ec to tym p an ic  i s  an i n f l a t e d ,  s h i e l d l i k e  
s t r u c t u r e  e n c lo s in g  an a n t e r o l a t e r a l  chamber below th e  
tym panic  c a v i ty  p r o p e r .  The e x t e r n a l  a u d i to r y  meatus 
f a c e s  roughly  a n t e r o l a t e r a l l y ,  b u t  ag a in  i s  e n t i r e l y  
p o s t e r i o r  and w ell removed from th e  p o s tg le n o id  p r o c e s s .  
R a th e r  th a n  p r e s e n t in g  an a p p ea ran ce  o f  " tucked  in "  d o r s a l  
m arg in s ,  th e  f r o n t  m argin o f  th e  ec to ty m p an ic  i s  sp la y e d  
o u t ,  form ing s k i r t s  t h a t  la p  up on th e  p o s t e r i o r  f a c e  o f  
t h e  squam osal and spheno id  in  f r o n t  o f  th e  b u l l a .  Thus 
t h e  a n t e r i o r  c ru s  i s  very  b ro a d ,  with a l a r g e  a re a  of 
a t ta c h m e n t  t o  th e  a n t e r i o r  m argin o f  th e  a u d i to r y  r e g io n .
F a i n t  s u tu r e s  may be made o u t  in  F:AM 61835, 
i n d i c a t i n g  t h a t  th e  c r u r a  o f  th e  ec to tym p an ic  do n o t  meet
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d o r s a l l y ,  so  t h a t  th e  d o r s a l  p o r t io n  o f  t h e  tym panic no tch  
i s  squam osal. The p o s t e r i o r  c r u s  i s  a l s o  b ro a d ,  and 
e x te n s iv e ly  fu se d  to  t h e  m asto id  and hyoid  p r o c e s s e s .  
I n s i d e  t h e  e c to ty m p a n ic .  t h e  p la n e  of th e  c r i s t a  tym panica 
makes h o r i z o n ta l  and v e r t i c a l  a n g le s  o f  a b o u t  30 d e g re es  
w ith  th e  s a g i t t a l  p l a n e .  D orsa l to  t h e  m ea tus , a broad 
p ro c e s s u s  t u b a r i u s  p r o j e c t i n g  m e d ia l ly  from th e  a n t e r i o r  
c ru s  i s  v i s i b l e  th ro u g h  a b reak  in  th e  sep tum .
The septum i s  o r i e n t e d  d i a g o n a l l y ,  a s  i n  F e l i s . 
im m ed ia te ly  v e n t r a l  t o  th e  h ig h e s t  p o in t  o f  the  
promontorium and l a t e r a l l y ,  d i r e c t l y  below th e  a p e r tu r e  o f 
t h e  c o c h le a r  f o s s u l a ,  t o  t e r m in a te  in  th e  m edial w a l l  o f  
t h e  v ag in a  p ro ce ssu s  h y o ia e u s .  The a n t e r i o r  end o f  the  
septum between th e  cham bers r e a c h e s  t h e  m edia l w all of th e  
b u l l a ,  p o s t e r i o r  t o  t h e  a n te ro m e d ia l  p ro c e s s  so t h a t  th e  
l a t t e r  a p p ea rs  to  be e n t i r e l y  e c to ty m p an ic  i n  
P s e u d a e lu ru s .  A n t e r i o r l y ,  th e  a p e r t u r e  o f  t h e  c a n a l i s  
m u sc u lo tu b a r iu s  i s  low , w ith  a d i s t i n c t  s u lc u s  on i t s  
v e n tro m e d ia l  m arg in , as  i f  f o r  a m edium -sized v e s s e l  
e n t e r in g  th e  c a n a l  from  a p c s t e r o v e n t r a l  d i r e c t i o n .  There 
i s  no s t y l i f o r m  p ro c e ss  p r e s e n t .
fi l a r g e  p o s te ro m e d ia l  chamber i s  formed by th e  
i n f l a t e d ,  th in - w a l le d  e n to ty m p a n ic .  As in  modern f e l i d s ,  
t h e  hypotympanic s in u s  e x te n d s  w e l l  p o s t e r i o r  t o  t h e  
p e t r o s a l .  The i n t e r n a l  s u r f a c e  o f  th e  en to tym pan ic  may be 
e i t h e r  smooth (F:AM 61835) o r  have sm all  p a r t i a l  c r i s t a
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(F:AM 69330). A sm a ll  foramen a t  th e  a n te r io r - m o s t  end o f  
t h e  p o s t e r i o r  l a c e r a t e  foramen a p p ea rs  t o  r e p r e s e n t  th e  
p o s t e r i o r  a p e r tu r e  o f  a c a n a l  in  th e  en to tym pan ic  o r  
between th e  en to tym pan ic  and th e  b a s i o c c i p i t a l  f o r  th e  
i n t e r n a l  c a r o t id  a r t e r y  and th u s  may be i d e n t i f i e d  a s  t h e  
p o s t e r i o r  c a r o t i d  foram en.
Tympanic Roof
As in  f e l i s . th e  a u d i t c r y  re g io n  as  a whole i s  only 
m o d era te ly  e x c a v a te d ,  so  t h a t  t h e  p ro m on to ria  a re  e i t h e r  
on th e  same p la n e  as th e  b a s i o c c i p i t a l  (F:AM 69330) o r 
s l i g h t l y  above t h a t  p la n e  (F:AM 61835). No a u d i to ry  
re g io n  i s  m iss ing  enough o f  th e  b u l la  fo r  me to  be a b le  t o  
s e e  c l e a r l y  t h e  r e l a t i o n s h i p s  between th e  p e t r o s a l  and th e  
su r ro u n d in g  e le m e n ts .  The ro o f  o f  th e  tym panic c a v i t y  can 
n o t  even be seen  e x ce p t  th ro ugh  a b reak  in  th e  septum .
The a p e r tu r e  o f  th e  c o c h le a r  f o s s u la  i s  s m a l l  and round , 
f a c in g  p o s t e r © l a t e r a l l y  and n o t  p a r t i c u l a r l y  v e n t r a l l y .  
There  a re  no grooves e v id e n t  on th e  sm a ll  a re a  of p e t r o s a l  
exposed .
P r i n c ip a l  Tympanic S paces and Foramina
An i n i t i a l  exam ina tio n  s u g g e s ts  t h a t  t h e  p o s t e r i o r  
en to tym pan ic  c a v i ty  i s  by f a r  t h e  l a r g e s t ,  bu t 
r e - e v a l u a t i o n  r e v e a l s  t h a t  th e  tym panic  c a v i ty  p r o p e r ,  
above th e  e c to ty m p a n ic ,  i s  f a i r l y  deep ly  in c i s e d  i n t o  t h e
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bottom o f  th e  s k u l l ,  much a s  i s  seen  in  F e l i s  (see  F ig u re  
U7) • The a n t e r i o r  chamber i s  n o t  p a r t i c u l a r l y  i n f l a t e d  
v e n t r a l  t o  th e  c r i s t a  tym pan ica , however*
A " t y p i c a l  a e l u r b id ” c o n d i t io n  i s  seen  in  th e  
a p p a re n t  co n flu en ce  o f  th e  h y p o g lo ssa l  and p o s t e r i o r  
l a c e r a t e  fo ram in a . However, t h i s  c o n f lu e n ce  i s  due mainly 
to  a ve ry  s t r o n g  r id g e  beh ind  t h e  fo ram ina  from th e  
p a r o c c i p i t a l  p r o c e s s e s .  The r id g e  a n t e r i o r l y  t o  t h e  
m edial s i d e  o f  th e  b u l l a  i s  p o o r ly  developed compared to  
t h e  c o n d i t io n  in  F e l i s ,  l a r g e ly  because  th e  h y p og lossa l  
foramen i s  so m ed ia l ly  p la c e d .  The p o s t e r i o r  l a c e r a t e  
foramen i s  i t s e l f  ve ry  m e d ia l ly  p la c e d ,  and e v id e n t ly  
t r a n s m i t t e d  both  venous s in u s e s  a s  w ell  a s  t h e  t h r e e  
c r a n i a l  n e rv e s — th e r e  i s  nc s e p a r a t io n  of any foramen to  
th e  p e t r o b a s i l a r  s u l c u s .
D is s e c t io n  and f u r t h e r  p r e p a r a t io n  o f  t h e  s k u l l s  
would be re q u ire d  to  d e te rm in e  th e  s i z e  and p o s i t i o n  of 
t h e  i n t e r n a l  c a r o t id  foram en. A m odera te ly  la rg e  one i s  
p r e d ic te d  by th e  i d e n t i f i c a t i o n  o f  th e  s u lc u s  in  t h e  
v e n t r a l  l i p  o f  th e  c a n a l i s  m u scu lo tu b a r iu s  a s  be ing  fo r  a 
l a r g e  an as to m o tic  branch  from th e  a scen d in g  pharyngeal 
a r t e r y .  Thus exam ina tion  o f  th e  i n t e r n a l  c a r o t id  foramen 
w i l l  s e rv e  as a s  t e s t  o f  t h a t  h y p o th e s is .  S i m i l a r ly ,  
o th e r  foram ina in  th e  sq u am cp e tro sa l  o r  sp h e n o p e t ro s a l  
s u t u r e  can not be de te rm ined  from th e  m a te r i a l  a t  hand, 
b u t  t h e  p resen ce  o f  one f o r  p assage  o f  th e  g r e a t e r
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s u p e r f i c i a l  p e t r o s a l  nerve  to  t h e  v e n t r a l  s u r f a c e  o f  th e  
spheno id  i s  p r e d ic te d  by th e  i d e n t i f i c a t i o n  o f th e  groove 
l e a d in g  t o  th e  p te ry g o id  c a n a l  a s  t h a t  fo r  a t y p i c a l  
p te ry g o id  n e rv e .
Among th e  o th e r  fo ram ina t o  be m entioned , t h e r e  i s  
t h e  foramen o v a le :  th e  a l i s p h e n o id  c a n a l  i s  v a r i a b ly
com plete  (but a t  l e a s t  p a r t i a l l y  in d ic a te d  in  a l l  t h r e e  
sp e c im e n s ) , and shows a s i m i l a r  v a r i a t i o n  in  whether or 
n o t  i t s  p o s t e r i o r  ( a l a r )  opening  i s  s e t  in  a common fo ssa  
w ith  th e  foramen o v a le .  I n  F:AM 51S3U, t h e  cana l i s  
c o m p le te ,  and th e r e  i s  a common fo s s a  o f  ab o u t th e  depth 
seen  i n  C a n is .  At t h e  o t h e r  ex trem e , F:AM 61835 h a s  bony 
f l a n g e s  t h a t  do no t meet t o  form a c a n a l  (bu t t h i s  may be 
due to  postmortem damage)• The p a r t i a l  p o s t e r io r  a l a r  
foramen t h a t  i s  th u s  t r a c e d  i s  s e p a r a t e  from th e  foramen 
o v a le ;  t h e  d iv id in g  b a r  o f  bone i s  on th e  same l e v e l  as 
t h e  su r ro u n d in g  bone.
Only very  s m a l l ;  b i l a t e r a l l y  asym m etric foram ina can 
be seen  in  th e  G la s e r ia n  f i s s u r e .  No p o s tg le n o id  foram ina 
can be seen  in  any o f  th e  t h r e e  specim ens examined h e re .  
The s ty lo m a s to id  foramen i s  bounded l a t e r a l l y  by th e  
m asto id  and m ed ia lly  by th e  e n to ty m p an ic ,  and i s  
p o s i t io n e d  im m edia te ly  p o s t e r o l a t e r a l l y  t o  th e  vag ina  
p ro c e s s u s  hyoideus w i th in  th e  e c to ty m p a n ic .
Ad ja c e n t  C ra n ia l  Morphology
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Both b a s isp h e n o id  and b a s i o c c i p i t a l  a r e  m odera te ly  
broad and r e l a t i v e l y  u n s c u lp tu r e d ,  e x c e p t  f o r  r u g o s i t i e s  
p o s t e r i o r l y  on th e  l a t t e r  f c r  t h e  i n s e r t i o n  of th e  longus 
c a p i t i s  and r e c t u s  c a p i t i s  v e n t r a l i s  m u sc le s .  S u lc i  fo r  
t h e  p te ry g o id  ne rves  a re  e v id e n t  on t h e  v e n t r a l  s u r f a c e  o f  
th e .  b a s i s p h e n o id . A nterom edia l p ro c e s s e s  from th e  b u l la e  
a r e  p r e s e n t ,  b u t  a re  s h o r t  compared t o  th o s e  o f  modern 
f e l i d s .  The b a s isp h e n o id  i s  produced i n t o  low f la n g e s  and 
p a r t i a l  b u t t r e s s e s  a n t e r i o r l y ,  n o t  n e a r ly  a s  ex trem e as  i n  
n im ra v id s ,  but t y p i c a l l y  a c o n d i t io n  seen  i n f r e q u e n t l y  in  
modern f e l i d s ,
The g le n o id  f o s s a e  a r e  t r a n s v e r s e l y  e lo n g a te ,  a s  i s  
t y p i c a l  f o r  c a r n iv o r a n s ,  and p r o j e c t  l a t e r a l l y  from the  
s k u l l ,  w ith o u t  any v e n t r a l  p e d e s t a l l i n g .  M e d ia l ly ,  a 
r i d g e  c o n t in u e s  from th e  p o s tg le n o id  p r o c e s s ,  so  t h a t  t h e  
a n t e r i o r  margin o f  t h e  a u d i to r y  re g io n  i s  a more v e r t i c a l  
w a ll  th an  i s  u s u a l ly  seen  in  f r o n t  of a r e g io n  n o t deep ly  
e x c a v a te d .
These t h r e e  s k u l l s  a re  m o d era te ly  l a r g e  (puma to  
l e o p a r d  s i z e ) , and t h e r e f o r e  have m odera te ly  s iz e d  m asto id  
p r o c e s s e s ,  no t p a r t i c u l a r l y  v e n t r a l l y  p roduced , bu t 
somewhat e n la rg e d  l a t e r a l l y  a t  t h e  base  o f  t h e  lambdoid 
c r e s t  (F igu re  U5).  The m asto id  p ro c e ss  i s  formed e n t i r e l y  
o f  th e  p a r s  m a s to id e u s ,  bu t t h e  a n t e r i o r  s u r f a c e  and edge 
o f  t h e  c r e s t  a t  t h e  p o s t e r i o r  s i d e  of th e  tym panic notch 
i s  squam osa l. A c r e s t  j o in s  th e  m asto id  and p a r o c c i p i t a l
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p r o c e s s e s ,  but i s  no t widened a t  any p o in t  i n to  a s h e l f .  
The e x o c c i p i t a l  forms a pendulous s h e e t  t h a t  cups t h e  back 
o f  th e  b u l l a ;  t h e  t i p  o f  t h i s  p a r o c c i p i t a l  p ro c e ss  may 
v a r i a b ly  form a so re  p r o j e c t i n g  p r o c e s s .  (Such v a r i a t i o n  
i s  seen  i n  modern f e l i d s  a s  w e l l ,  and in  ex trem e c a s e s  
does n o t  d i f f e r  much from th e  c a n id  c o n d i t i o n .  In  c a n id s ,  
however, t h e  m asto id  i s  g r e a t l y  re d u c e d ,  and th e  
c o n n e c t in g  r i d g e  l o s t . )
I n t r a c r a n i a l  Morpho logy
Some o f  th e  i n t e r n a l  f e a t u r e s  can be seen  in  F:AM 
61835. A l a r g e ,  w e ll  o s s i f i e d  te n to r iu m  o bscu res  much of 
t h e  a re a  o f  i n t e r e s t ,  however. The p e t r o s a l  i s  r a t h e r  
round ed , w ith o u t  a s h a rp  r o s t r a l  apex . A d i s t i n c t  
s u b a r c u a te  fo s s a  i s  p r e s e n t  d o r s a l l y .  The t r i a n g u l a r  
i n t e r n a l  a c o u s t i c  meatus i s  more s h a l lc w ly  su b d iv id ed  than  
was seen  in  n im ra v id s ,  bu t  no more so th an  i s  sometimes 
seen  a s  a v a r i a n t  in  modern f e l i d s .  The p o s i t io n  o f  th e  
a p e r t u r e  o f  t h e  c o c h le a r  aqueduc t can no t be determ ined  
w ith  c e r t a i n t y ,  but a s l i t  on t h e  p o s t e r i o r  margin a t  th e  
l e v e l  o f th e  i n t e r n a l  a c o u s t i c  meatus can be i d e n t i f i e d  a s
t h e  s l i t  f o r  t h e  endo lym phatic  s a c .
The la c k  o f  a p o s tg le n o id  foramen would p r e d i c t  th e
absence  o f  a s u p e r io r  p e t r o s a l  s i n u s ,  and su g g e s t  t h a t  th e
venous d ra in a g e  was v ia  th e  s i n u s  in  th e  sigm oid s u l c u s .  
The l a t t e r  i s  on ly  o f  m oderate  s i z e  b u t  i s  deep ly  in c i s e d
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i n t o  th e  c r a n i a l  b o n e s ,  and i s  c o n f lu e n t  v e n t r a l l y  with a 
ve ry  l a r g e  and d eep ly  in c i s e d  s u l c u s  f o r  th e  i n f e r i o r  
p e t r o s a l  s i n u s .  The m edial m argin  of th e  p e t r o s a l  does 
n o t  a p p ea r  inv o lved  a t  a l l  in  t h i s  s u l c u s ,  which channe ls  
deep ly  i n t o  t h e  l a t e r a l  m argins o f  th e  b a s i o c c i p i t a l  and 
i s  a lm ost co m p le te ly  open d o r s a l l y .  A p o s t e r i o r  opening 
o f  a c a n a l  fo r  an o c c i p i t a l  s i n u s  can be seen  on each  
i n t e r n a l  w a ll  of t h e  foramen magnum; th e  a n t e r i o r  opening 
i s  presumed t o  l i e  i n  t h e  p o s t e r i o r  w a l l  o f th e  sigm oid 
s u l c u s .  A foramen in  t h e  c c r r e c t  p o s i t i o n  t o  be a m asto id  
foramen i s  p r e s e n t  on one s i d e  b u t  no t  on t h e  o t h e r ;  th e  
p re se n c e  o f  a c o rre sp o n d in g  foramen in  t h e  w a ll  o f  th e  
s igm oid  s u lc u s  cou ld  n o t  be d e te rm in e d .
SMILODON
Based in  d e t a i l  on LACM HC 6997 ( s e c t io n e d  l e f t  e a r  
r e g io n ;  f i g u r e d  in  Merriam and S tc ck ,  1932, E la te  1 5 ,  
F ig u re  1 ) ,  LACM HC 6998, LACM HC 6999, LACM HC 7000, LACM 
HC 7001.
Because Merriam and Stock (1932) so tho ro u g h ly  
d e s c r ib e d  and i l l u s t r a t e d  th e  whole s k u l l  o f  Sm ilodon, my 
d e s c r i p t io n  w i l l  be a b b r e v ia t e d ,  and depend on t h e i r s ,  
e s p e c i a l l y  f o r  t h e  d e s c r i p t i o n  o f  th e  su rrou nd in g  
f e a t u r e s .  Some comment, however, i s  needed as c o n te x t  f o r
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 342
some o f  t h e  p o i n t s  in  which I  d i s a g r e e  w ith  Hough's (1953) 
a n a l y s i s  o f  Sm ilodon*s a u d i to r y  r e g io n .
Tympanic F l oo r : A ud ito ry  B u l la
Because o f  th e  en la rg em en t  o f  th e  m asto id  p ro c e s s e s  
and p e d e s t a l l i n g  o f  t h e  g le n o id  f o s s a e ,  th e  tym panic no tch  
i s  t a l l  and narrow , a s  in  th e  s a b e r to o th e d  n im ra v id s .  
Merriam and S tock (1932: 33) were c o r r e c t  t h a t  th e  tu b u la r  
form o f  t h e  e x t e r n a l  a u d i to ry  m eatus ( f i t t i n g  in to  t h a t  
lo n g ,  narrow no tch ) i s  u n l ik e  t h e  n o n -sa b e r tc o th e d  f e l i d s ,  
b u t  f a i l e d  to  mention th e  e q u a l ly  s i g n i f i c a n t  p o in t  t h a t  
i t  i s  a l s o  very  d i f f e r e n t  from th e  c o n d i t io n  in  n im ra v id s .  
The m eatus i t s e l f  i s  no w ider th an  th e  n o tc h ,  and i s  
d i r e c t e d  s t r a i g h t  th rough  th e  n o tc h .  The e c to ty m p an ic  i s  
w idened, and i s  n o t  t h e  d ia g o n a l  p l a t e  seen  in  even th e  
s a b e r to o th e d  fo rm s , such a s  Hoplophoneus and E usm ilus .
The c r u r a  o f  th e  ec to ty m p an ic  i n  Smilodon a r e  so 
th o ro u g h ly  c o - o s s i f i e d  w ith  t h e  squam osal t h a t  one cannot 
e s t a b l i s h  w ith  c e r t a i n t y  w hether th e  ec to tym pan ic  forms a 
com plete  c i r c l e  a s  i t  ap p ea rs  t o ,  o r  whether th e  squam osal 
i s  overhung and r id g e d  d o r s a l l y ,  c r e a t in g  t h a t  a p p ea ra n c e .  
The s h o r tn e s s  of th e  a n t e r i o r  c r u s  in  th e  j u v e n i l e ,  LACM 
HC 7000, a rg u e s  f o r  th e  l a t t e r .
The c a n a l i s  m u sc u lo tu b a r iu s  a p p ea rs  to  be formed 
e n t i r e l y  i n  ec to ty m p an ic  (seen  in  c r o s s  s e c t io n  LACM HC 
6997). I t s  v e n t r a l  edge b e a r s  a sm all  s t y l i f o r m  p ro c e ss
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i n  f r o n t  o f  a f a i r l y  l a r g e  ru g o se  a re a  on th e  b u l l a .  
A nte rom ed ia l p ro c e s s e s  a r e  p r e s e n t ,  formed by th e  b u l l a ,  
b u t  by which e lem ent i s  u n c l e a r .  One o r  more p u z z l in g  
fo ram ina  a r e  p r e s e n t  on o r  n ea r  th e  a n te ro m e d ia l  p r o c e s s ,  
and w i l l  be c o n s id e re d  l a t e r .
I n t e r n a l l y ,  th e  c r i s t a  tym panica and tym panic su lc u s  
s lo p e  a t  an a n g le  of n e a r ly  30 d e g re es  from v e r t i c a l ,  b u t  
a round  an a x is  d i r e c t e d  a lm o s t e x a c t ly  a n t e r c p o s t e r i o r l y ,  
a l l  in  d i r e c t  c o n t r a s t  t o  th e  c o n d i t io n  in  n im ra v id s .
Merriam and Stock  d e s c r ib e d  th e  septum e x a c t ly  as i t  
a p p e a rs  t o  me. I t  m atches th e  septum in  n o n -sa b e r tc o th e d  
f e l i d s  in  a v a r i e t y  o f  r e s p e c t s :  i t s  v e r t i c a l
o r i e n t a t i o n ,  i t s  c u r l e d ,  th ic k e n e d  edge , i t s  pa th  d i r e c t l y  
below th e  promontorium i n  a broad  c u rv e ,  p a s s in g  d i r e c t l y  
b en ea th  th e  most p rom inen t p a r t  o f  th e  prom ontorium , and 
b u lg in g  so  a s  to  p re s e n t  a convex shape  t o  th e  
hypotympanic s in u s  and a concave one to  th e  tympanic 
c a v i t y  sen su  s t r i c t o . My o b s e r v a t io n s  do n o t  a g re e  with 
H ough 's  (1953: 102) d e s c r i p t i o n  o f  th e  o r i e n t a t i o n  o f  t h e  
sep tum .
The s e c t io n e d  specim ens show c l e a r l y  t h a t  th e  
e n to tym pan ic  was a s i n g l e  l a y e r ,  s o l id  bone, and 
r e l a t i v e l y  t h in  a lth o u g h  encompassing a chamber o f  f a i r l y  
l a r g e  volume. In  none o f  th e  specim ens I  examined was th e  
secon dary  c r i s t a  a s  l a r g e  a s  im p l ie d  by th e  d e s c r ip t io n  in  
Merriam and S tock (1932: 33-34) . A ll specim ens matched
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t h e  one i l l u s t r a t e d  by them in  t h e i r  p l a t e  15 in  t h a t  th e  
e x c a v a t io n  i n t o  th e  m as to id  formed in  c ro s s  s e c t io n  a 
c i r c u l a r  shape o f  a d i f f e r e n t  r a d i u s ,  so  t h a t  th e  t o t a l  
c r o s s  s e c t io n  was more p ea r  shaped th an  c i r c u l a r  in  
o u t l i n e ,  w ith low c r i s t a  a t  t h e  i n d e n t a t i o n s ,  marking (as 
Merriam and S tock  p o in te d  ou t)  t h e  in n e r  l i m i t  o f t h e  
m a s to id .
Tympanic Roof
Although th e  e lo n g a te  m asto id  p ro c e s s e s  and g len o id  
p e d e s t a l s  g iv e  an im p re ss io n  o f  d e p th ,  a s  in  
B a r b o u r o f e l i s . when th e  l e v e l  o f  the  p e t r o s a l s  a re  
compared to  t h e  p lan e  o f  t h e  b a s i o c c i p i t a l ,  one f i n d s  
t h a t ,  in  Smi lo d o n . t h e  p e t r o s a l s  a r e  on ly  s l i g h t l y  
r e c e s s e d  above th e  l e v e l  o f  th e  b a s i o c c i p i t a l .  and th e  
ro o f  a n t e r o l a t e r a l  t o  t h e  p e t r o s a l  no t much f u r t h e r  than  
t h a t .
The a p e r tu r e  o f th e  c o c h le a r  f o s s u la  i s  round, 
m edium -sized , and d i r e c t e d  r a t h e r  v e n t r a l l y  as w ell  as 
p o s t e r o l a t e r a l l y . The f e n e s t r a  v e s t i b u l i  i s  oval and 
f a c e s  a n t e r o l a t e r a l l y . There i s  one very  f a i n t  s u g g e s t io n  
o f  a groove on th e  v e n t r a l  s u r f a c e  of th e  p e t r o s a l ,  in  
s e c t i o n  "C" o f  LACM HC 6997 ( l a b e l l e d  in  Merriam and 
S to c k ’ s P l a t e  1 5 ) :  a narrow sh in y  t r a i l  heads
a n te ro m e d ia l ly  from t h e  p o s t e r i o r  (cu t)  margin between th e  
a p e r tu r e  o f t h e  c o c h le a r  f o s s u l a  and th e  in tu rn e d  edge o f
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t h e  b u l l a ,  tow ards t h a t  b u l l a r  e d g e ,  d i s a p p e a r in g  beneath  
i t  j u s t  p o s t e r i o r  to  t h e  sep tum . Judging  from s e c t i o n  
MD“ , t h i s  groove a p p e a rs  t o  be a c o n t in u a t io n  o f  t h e  
de ep ly  in c i s e d  c h a n n e l ,  in  th e  ro o f  o f  th e  p o s t e r i o r  p a r t  
o f  th e  b u l l a ,  t h a t  I  i n t e r p r e t  a s  having  housed th e  very 
reduced  i n t e r n a l  c a r o t i d  a r t e r y  o r  nerve  o r  b o th .
The f a c i a l  foramen opens im m edia te ly  d o r s a l  and 
l a t e r a l  t o  th e  v e s t i b u l a r  f e n e s t r a ,  from which p o in t  th e  
s u lc u s  heads p o s t e r i o r l y  to  th e  base  o f  th e  f a c i a l  c a n a l ,  
th e n  d iv e s  v e n t r a l l y  between th e  b u l la  and th e  m asto id  to  
e x i t  v ia  th e  s ty lo m a s to id  fo ram en . In  LACM HC 6997 (the  
o n ly  specimen in  which t h i s  p a r t  of t h e  p e t r o s a l  i s  both 
r e l a t i v e l y  com plete  and v i s i b l e ) , t h e r e  i s  a f e n e s t r a  i n  
t h e  w a ll  between th e  i n t r a p e t r o s a l  f a c i a l  c a n a l  and th e  
f o s s a  m u sc u la r is  m a jo r ,  bu t t h i s  ap pea rs  t o  be a b re a k .
Both th e  fo ssa  m u s c u la r is  m ajor and th e  ep itym p an ic  
r e c e s s  a r e  in  t h e i r  u s u a l  p o s i t i o n s ,  bu t  bo th  seem a 
l i t t l e  sm a ll  and sh a l lo w  f o r  th e  s i z e  o f  th e  r e g i o n ,  
a l th o u g h  t h i s  may a g a in  be a m is le a d in g  im p ress io n  
g e n e ra te d  by th e  huge m asto id  p r o c e s s e s .  Whether th e s e  
r e c e s s e s  a re  t o t a l l y  ro o fe d  by p e t r o s a l ,  o r  how much i s  
c o n t r ib u te d  by ep ity m p an ic  wings from th e  spheno id  o r  
squ am osa l,  can n o t  be d e te rm in ed  from th e  s e c t io n e d  
specim ens s in c e  they  a r e  a l l  a d u l t s  w ith  w e l l  c lo s e d  
s u t u r e s .  A foramen p a s s e s  a n t e r i o r l y ,  a p p a re n t ly  o u t  o f  
t h e  ep ity m pan ic  r e c e s s ,  b u t  I  su s p e c t  t h i s  i s  f o r  th e
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p a ssag e  o f  th e  chorda  tympani n e rve  o v e r  th e  ec to ty m p an ic  
and o u t  th e  G la se r ia n  f i s s u r e  between ec to ty m p an ic  and 
sp h e n o id .  C e r ta in ly  a foramen i s  p re s e n t  e x t e r n a l l y  a t  
t h e  p ro p e r  s p o t  f o r  i t s  e x i t .  There  i s  no secondary  
r e c e s s  in  th e  ep itym p an ic  r e c e s s .
P r i n c ip a l  Tympanic Spaces and F o ramina
The hypotympanic s in u s  i s  a c t u a l l y  q u i t e  l a r g e ,  
e x te n d in g  in  a l a r g e  e x c a v a t io n  i n t o  th e  m asto id  
p r o c e s s e s ,  and e n la rg e d  f a r  p o s t e r i o r  to  t h e  p e t r o s a l .
( I t  i s  perhaps t h i s  p o s t e r i o r  en la rgem en t t h a t  Hough 
(1953: 102) meant when she  s a id  t h a t  th e  s i n u s  " c o n t in u e s  
i n t o  th e  p a r o c c i p i t a l " .  At l e a s t  in  LACM HC 6997, 
however, t h e  s i n u s  does no t ex te n d  p a s t  t h e  l e v e l  o f  th e  
t r a n s v e r s e  r id g e  c o n n e c t in g  h y p o g lo ssa l  and p o s t e r i o r  
l a c e r a t e  fo ram in a , so a l th o u g h  i t  i s  cupped s l i g h t l y  by 
t h e  e x o c c i p i t a l ,  th e  p a r o c c i p i t a l  p ro c e ss  p r o j e c t s  f u r t h e r  
back , and i s  a p p a re n t ly  e n t i r e l y  c a n c e l lo u s  bone.)
As j u s t  a l lu d e d  t o ,  t h e  h y p o g lo ssa l  i s  s e t  c lo s e  to  
t h e  p o s t e r i o r  l a c e r a t e  foram en. The l a t t e r  i s  a l a r g e  gap 
p o s i t io n e d  a t  th e  p o s te ro m e d ia l  c o rn e r  o f  t h e  b u l l a .  Both 
t h e  wide sigmoid s u lc u s  and th e  sh a l lo w , i l l - d e f i n e d  
channe l f o r  t h e  i n f e r i o r  p e t r o s a l  s in u s  run  to  t h e  margins 
o f  th e  p o s t e r i o r  l a c e r a t e  fo ram en , s u g g e s t in g  a c o n f lu e n c e  
and common e x i t  in  t y p i c a l  c a rn iv o ra n  f a s h io n  from a 
m ed ia l ly  p laced  foram en.
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Most b u l l a  ap p ea r  t o  show a deep ly  i n c i s e d ,  sm a ll  
groove o r  even can a l  t h a t  b e g in s  in  t h e  b u l l a  i n  t h e  
p o s t e r i o r  l a c e r a t e  foram en and t r a v e l s  ro ugh ly  
a n t e r o l a t e r a l l y  to  t h e  d o r s a l  s u r f a c e  o f  t h e  b u l l a ,  and 
th e n c e  between th e  b u l l a  and p e t r o s a l  (see  F ig u re  4 6 ) ,
T h is  i s  i d e n t i f i e d  a s  a c a r o t id  c a n a l ,  b u t  I  have been 
u n ab le  t o  d e te rm in e  t c  my s a t i s f a c t i o n  th e  a n t e r i o r  ro u te  
o f t h i s  c a n a l ,  nor w ith  c e r t a i n t y  an i n t e r n a l  c a r o t i d  
foramen (but t h i s  w i l l  be d is c u s se d  b e lo w ) . The p o s t e r i o r  
c a r o t i d  foramen would be t h a t  p o in t  where th e  groove 
becomes a com ple te ly  c lo sed  c a n a l ,  which may never happen 
on some, and on o t h e r s  a p p ea rs  to  be f a i r l y  f a r  d o r s a l ,  
such a s  t h a t  i l l u s t r a t e d ,  LACM HC 7000..
One o r  two foram ina a r e  v i s i b l e  on th e  v e n t r a l  
s u r f a c e  o f  th e  a n te ro m e d ia l  b u l l a r  p ro ce ss  o r  th e  sphenoid  
im m edia te ly  a d j a c e n t .  On th e  l e f t  s id e  o f  LACM HC 7000, 
t h e  d o r s a l  p a r t  of t h e  b u l l a  i s  m iss ing  and one can see a 
r a t h e r  l a r g e  smooth c h an n e l  in  th e  sphenoid  o v e r ly in g  th e  
a n te ro m e d ia l  p ro c e s s ,  end ing  in  th e  a n te r io r - m o s t  foramen 
in  th e  spheno id  a t  t h e  base  o f  th e  p te ry g o id  r i d g e s ,  and 
ru nn ing  from th e  s p h e n o p e t ro s a l  s u tu re  a t  a p o in t  j u s t  
l a t e r a l  to  th e  r o s t r a l  apex o f  th e  p e t r o s a l ,  r i g h t  in  l i n e  
w ith  t h e  h i a t u s  f a c i a l i s .  P rob ing  of th e  foramen s u g g e s ts  
t h a t  t h e  passage  beyond heads a n t e r i o r l y  i n s i d e  t h e  bone 
( th e  b a s isp h e n o id  I  su p p o se ,  b u t  I  can no t t e l l  where th e  
p te ry g o id  s t a r t s ) . M edial t o  t h i s  s u lc u s  i s  a n o th e r
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s u l c u s ,  s t a r t i n g  f a r t h e r  back from th e  b roken  e d g e ,  
b en ea th  th e  p o s i t i o n  o f  th e  foramen in  t h e  a n te ro m e d ia l  
p r o c e s s ,  judg ing  from th e  o th e r  s i d e .  T h is  s u lc u s  a lso  
ru n s  p o s t e r o d o r s a l l y  a lo n g  th e  f l a n g e ,  t o  a foramen in  a 
no tch  in  th e  b a s is p h e n o id ,  a lm o s t  e n c i r c l e d  by th e  bone. 
T h is  foram en, when viewed d c r s a l l y ,  i s  a t  t h e  apex c f  t h e  
p e t r o s a l ,  e x a c t ly  in  th e  ex p ec te d  p o s i t i o n  f o r  an i n t e r n a l  
c a r o t i d  foram en.
S in ce  th e r e  i s  no o th e r  groove f o r  t h e  nerve o f  th e  
p te ry g o id  c a n a l ,  nor can I  f in d  b i l a t e r a l l y  symmetric 
foram ina a n t e r i o r l y  t h a t  a re  re a s o n a b le  p o s s i b i l i t i e s  f o r  
t h e  p o s t e r i o r  o pen ings  o f  th e  p te ry g o id  c a n a l  ( th e r e  i s  
one sm a ll  p o s s i b i l i t y  on th e  l e f t  s id e  o f  LACM HC 7 000), I  
conc lud e  t h a t  e i t h e r  th e  p te ry g o id  n erve  was very reduced 
o r  a b s e n t ,  o r i t  was r a t h e r  l a t g e ,  la y  in  t h e  l a t e r a l  one 
of th e s e  s u l c i ,  and t h a t  th e  foramen f i r s t  d e s c r ib e d  i s  
t h e  e n t r a n c e  t o  th e  p te ry g o id  c a n a l .  I  h y p o th e s iz e  t h a t  
t h e  second foramen a d m it te d  a ramus from th e  a scend ing  
p h a ry n g e a l  a r t e r y  t h a t  cou rsed  th rough  th e  m edial s u lc u s  
to  th e  i n t e r n a l  c a r o t i d  foramen and i n t r a c r a n i a l l y  jo in ed  
th e  i n t e r n a l  c a r o t id  c i r c u l a t i o n .
As in  F e l i s . t h e r e  i s  no a l i s p h e n o id  c a n a l ;  t h e  
foramen o v a le  i s  t h e r e f o r e  r e l a t i v e l y  i s o l a t e d .  A 
p o s tg le n o id  foramen i s  u s u a l ly  a b s e n t ,  b u t  LACM HC 6999 
a p p e a rs  t o  have a good s iz e d  o n e .  P r e p a r a t io n  re v e a le d  
t h a t  i t  was a c t u a l l y  t h e  common fc s s a  f o r  a number o f very
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sm a ll  c h a n n e ls ,  which may indeed haved d ra in e d  a s l i t l i k e  
rem nant o f  s u p e r io r  p e t r o s a l  s in u s  su g g es ted  by t h e  c ro s s  
s e c t i o n  o f  a c a n a l  v i s i b l e  above th e  p e t r o s a l  on t h e  cu t 
f a c e  o f  t h a t  spec im en . As d e s c r ib e d  e a r l i e r ,  th e  
s ty lo m a s to id  foramen i s  d e f in e d  by m asto id  l a t e r a l l y  and 
t h e  b u l l a  m e d ia l ly ,  p o s i t io n e d  a n t e r o l a t e r a l  to  t h e  vagina 
p ro c e s s u s  h y o id e u s ,  which i s  e n t i r e l y  e n c lo se d  w i th in  th e  
b u l l a .
S e c t io n  "C" o f  LACM KC 6997 shows on i t s  p o s t e r io r  
s u r f a c e  an opening  from t h e  r e a r  i n to  th e  f a c i a l  s u lc u s  a t  
t h e  p o in t  where i t  t u r n s  v e n t r a l l y .  T h is  opening  i s  th e  
a n t e r i o r  p a r t  o f  a c h an n e l  between th e  b u l l a  and p e t r o s a l ,  
and p o s t e r i o r l y  e x o c c i p i t a l ,  t h a t  would have conveyed th e  
a u r i c u l a r  ramus o f  t h e  vagus a n t e r o l a t e r a l l y  to  t h e  f a c i a l  
c a n a l .
A djacent C ra n ia l  Morphology
The morphology o f  t h e  bones around th e  a u d i to ry  
re g io n  o f  Smilodon h as  been w e ll  d e sc r ib e d  by Merriam and 
Stock  (1932). I  su p p ly  h e re  a few comments on th e  s t a t e  
of f e a t u r e s  s p e c i f i c a l l y  no ted  in  th e  p roceed ing  
d e s c r i p t i o n s  o f  o th e r  t a x a .
I n s te a d  o f  a b u t t r e s s  formed o f  b a s isp h e n o id  cupping 
a rounded a n te ro m e d ia l  c o rn e r  o f b u l l a ,  a d i s t i n c t  
a n te ro m d ia l  p ro c e s s  from th e  b u l l a  i t s e l f  i s  p r e s e n t ,  a s  
in  F e l i s . There a r e  no v e r t i c a l  f l a n g e s  on th e  m argins o f
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t h e  b a s i o c c i p i t a l ;  i n s t e a d ,  th e  edge o f  th e  median e lem ent 
o v e r la p s  th e  d o r s a l  c u rv e  o f  t h e  b u l la  a t  a low a n g le .
The g r e a t ly  h y p e r t ro p h ie d  m asto id  p ro c e s s  p re s e n ts  a 
lo n g  sweeping c u rv e ,  form ing a rugose  c r e s c e n t  ex ten d in g  
down on each s i d e  of th e  b u l l a .  This i s  in  c o n t r a s t  to  
th e  s q u a r e ,  b lu n t  m asto id  p ro c e s s e s  seen  in  n im rav id s .
The v ag ina  p ro ce ssu s  h y o id eu s ,  formed e n t i r e l y  by th e  
b u l l a ,  i s  w ell  p o s t e r i o r  o f  t h e  v e n t r a l  end c f  th e  
m a s to id ,  r a t h e r  than  be ing  a n te ro m e d ia l  t o  th e  m as to id .  
From LACM HC 7000 , i t  ap p ea rs  t h a t ,  e x c e p t  f o r  a t h i n  
a n t e r i o r  sk in  o f  squam osa l,  th e  r e s t  o f th e  p ro cess  i s  
m a s to id ,  b u t  t h i s  i s  n o t  c e r t a i n .
I n t r a c r a n i a l  Morphology
The c e r e b e l l a r  f a c e  o f  th e  p e t r o s a l  i s  g e n e ra l ly  o v a l  
in  o u t l i n e .  I t  i s  c l e a r l y  d iv id e d  by a low h o r iz o n ta l  
r i d g e  im m edia te ly  above th e  i n t e r n a l  a c o u s t i c  m eatus (see  
F ig u re  4 6 ) .  No d i v i s i o n s  o f  t h e  l a t t e r  a re  v i s i b l e  as f a r  
as  p re p a r a t io n  w ith  a n e ed le  co u ld  r e a c h .  D orsal t o  th e  
r i d g e ,  t h e  sm oothly  concave f a c e  i s  e x c a v a te d  by a deep 
s t e l l a t e  p i t ,  presum ably th e  su b a rc u a te  f o s s a .  Above t h i s  
p i t ,  a c r i s t a  p e t ro s a  ru n s  from th e  d o r s a l  apex t o  th e  
r o s t r a l  apex o f  t h e  p e t r o s a l .
I d e n t i f i c a t i o n  o f  th e  h i a t u s  f a c i a l i s  i n  th e  c e n te r  
o f  th e  a n t e r i o r  f a c e  was confirm ed  by p ro b in g  th e  c h an n e ls  
o f  a s e c t io n e d  p e t r o s a l  (LACM HC 6997). S e v e ra l  open ings
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occu r  on th e  p o s te ro m e d ia l  edge o f  th e  p e t r o s a l ,  any of 
which cou ld  be an a p e r t u r e  f o r  th e  c o c h le a r  a q u e d u c t .  On 
t h e  p o s t e r i o r  edge, t h e r e  i s  an e x c a v a t io n  t h a t  lo o k s  l i k e  
a s l i t  whose m argins have been s p re a d ,  with a foramen a t  
t h e  bottom  of th e  fu n n e l—a l l  o f  which presumably housed 
t h e  v e s t i b u l a r  aqueduct and endo lym phatic  s a c .  No su lc u s  
i s  i d e n t i f i a b l e  f o r  th e  t r ig e m in a l  n e rv e .
As Merriam and Stock (1932: 38) n o ted ,  th e re  i s  a 
l a r g e  te n to r iu m  osseum in  Sm ilodon. The te n to r iu m  osseum 
i s  broken in  t h e  f ig u r e d  specim en b u t i s  e v id e n t  i n  o th e r s  
( e . g . ,  LACM HC 6998)• A v e s t i g i a l  c a n a l  f o r  th e  s u p e r io r  
p e t r o s a l  s in u s  may be p r e s e n t ,  a shown by LACM HC 6999, 
b u t  t h e  bu lk  o f  th e  venous d ra in a g e  was e v id e n t ly  th rough  
t h e  sigm oid  s i n u s ,  a s  in d ic a te d -  by th e  very l a rg e  sigm oid 
s u lc u s  (LACM h'C 6997 ’•D'’) . In  t h i s  l a t t e r  spec im en , t h e r e  
i s  a v e ry  sm a ll  c a n a l  f o r  an o c c i p i t a l  s in u s  bu t no t r a c e  
o f a m as to id  foram en.
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MORPHOLOGICAL DESCRIPIION: SUMMARY
Q u ite  u n e x p e c te d ly ,  I  foun d , a s  e v id e n t  in  t h e  above 
d e s c r i p t i o n s ,  t h a t  B a r b o u ro fe l i s  was d i f f e r e n t  from th e  
o t h e r  n im ra v id s  in  a l a r g e  enough number o f ways t h a t  I  
now have d i f f i c u l t y  c h a r a c t e r i z i n g  th e  b a s i c r a n i a l  anatomy 
o f  th e  fam ily  Nimravidae when B a rb o u ro f e l i s  i s  in c lu d e d .  
The fo l lo w in g  summaries w i l l  t h e r e f o r e  c h a r a c t e r i z e  f i r s t  
t h e  N im ravinae and Hoplophoninae (ex e m p lif ied  in  t h i s  
s tu d y  by D j n i c t i s . N ia ra v u s ♦ and Hoplophoneus p r i m a r i l y ) ,  
th e n  c o n t r a s t  th e  B a rb o u ro fe l in a e  (B a r b o u r o f e l i s ) . The 
c h a r a c t e r  s t a t e s  a re  l i s t e d  i n  very  a b b re v ia te d  form ; f o r  
a m p l i f i c a t i o n  r e f e r  back t o  th e  d e t a i l e d  d e s c r i p t i o n s  o f  
each  gen us . D isc u ss io n s  o f  v a r io u s  a s p e c t s  of th e s e  
h y p o th e s iz e d  ho m olog ies , and h y p o th eses  f o r  th e  p o l a r i t y  
o f each f e a t u r e ,  w i l l  be p re s e n te d  in  th e  n e x t  s e c t i o n .
The c h a r a c t e r  s t a t e s  a r e  numbered i n  th e  f i r s t  summary; 
th e s e  numbers a re  c a r r i e d  th rough  su b seq u e n t  d is c u s s io n  
f o r  easy  c r o s s  r e f e r e n c e ,  and l a b e l  th e  c h a r a c t e r s  in  t h e  
f i n a l  c ladogram  in  F ig u re  58.
Summary f g r  N im ravinae and Hoplophoninae
Tympanic F l o o r : E c to t ympanic
1 .  e c to ty m p a n ic  f l a t  o r  g e n t ly  cu rved ; edge m odera te ly  
expanded v e n t r a l l y
2 .  o r i e n t a t i o n  v e r t i c a l ,  a t  about 30 to  45 d e g re e s  from
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s a g i t t a l  p la n e .
3 .  m eatus much w ider than  tym panic  n o tc h ,  ex tend s  
forw ard  on m edia l s i d e  o f  p e d e s t a i l e d  g len o id  fo s s a
4 .  c r i s t a  tym panica e x te n d s  on ly  very  s l i g h t l y  i n t c  
tym panic c a v i ty
5 .  a n t e r i o r  c ru s  b ro ad en ed , h o r i z o n t a l ,  n e a r ly  m eets 
p o s t e r i o r  c ru s  above e x t e r n a l  a u d i to r y  m eatus, 
fo rm ing  a n e a r ly  c lo se d  r in g
6 .  p o s t e r i o r  c ru s  s h o r t ,  v e r t i c a l ,  on a n te ro m e d ia l  s id e  
o f  hyoid  p ro ce ss
7 .  p ro c e ssu s  t u b a r i u s  p r e s e n t  on m edia l s i d e  o f  a n t e r i o r  
c ru s
8 .  y e n t r a l  edge f i n i s h e d ,  f a c e t e d
9 .  long  o sse o u s  c a n a l i s  m u sc u lo tu b a r iu s  p r e s e n t ;  
e c to ty m p a n ic  p l a t e  u s u a l ly  e m a rg in a te  below c a n a l
10 . s t y l i f o r m  p ro c e s s  u s u a l ly  a b se n t
11. no septum b u l l a e  p re s e n t
Tympanic  F l o o r : En to t ympanic
12 . tym panic  f l o o r  n o t  f u l l y  o s s i f i e d ;  some 
en to ty m p an ics  w ith  f i n i s h e d  edges
1 3 .  sandwich c o n s t r u c t io n  c f  e n to ty m p an ic :  very  t h i n  
o u t e r  s h e e t s  of bone w ith  t h i c k  l a y e r  i n s id e  o f  
c a n c e l lo u s  bone
1 4 .  a n t e r i o r  edge c u rv e s  l a t e r a l l y ,  then  
p o s t e r o l a t e r a l l y , t o  form m edial w a l l  o f  c a n a l i s  
m u sc u lo tu b a r iu s  (=Mseptumw o f  some a u th o rs )
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15 . p o s t e r i o r  ( c a r o t id ? )  foramen l a t e r a l l y  p o s i t io n e d ,  
th ro u g h  p o s t e r i o r  w a l l  o f  b u l l a  (not y e t  documented 
in  Nimravus)
1 6 .  hypotympanic s in u s  never inv ad es  m asto id
1 7 . no c r i s t a e  on i n t e r n a l  s u r f a c e  o f  b u l l a
Tympanic Roof
18 . a u d i to ry  reg io n  re c e s se d  d o r s a l  t o  l e v e l  o f  
b a s i s p h e n o i d / b a s i o c c i p i t a l
1 9 .  g rooves  on v e n t r a l  s u r f a c e  o f  p e t r o s a l
20. ep itym pan ic  r e c e s s  w ith  secondary  d e e p e r  e x ca v a tio n  
(not seen  i n  E usm ilus)
21. s u l c u s ,  g ro o v e , c h a n n e l ,  o r  c a n a l  p r e s e n t  in  
a n te ro m e d ia l  c o rn e r  o f  a u d i to r y  r e g io n ,  runn ing  
p o s t e r o l a t e r a l l y  and d o r s a l l y  to  i n t e r n a l  c a r o t id  
foram en, presum ably f o r  a n a s to m o tic  b ranch  o f  th e  
ascen d in g  p h a ry n g e a l  a r t e r y
22. s e p a r a t e  p e t r o b a s i l a r  foram en, p o s t e r i o r l y  p la c e d ,  
formed by abutm ent o f en to tym pan ic  a g a in s t  
b a s i o c c i p i t a l  o r  e x o c c i p i t a l
23 . p o s t e r i o r  l a c e r a t e  foramen l a t e r a l l y  p la c e d  ( in  
c e n t e r  o f  p o s t e r i o r  edge o f  a u d i to r y  r e g io n  r a t h e r  
th an  p o s te ro m e d ia l  c o rn e r )
A djacen t C ra n ia l  Morphology
24 . m oderate  to  l a r g e  p o s tg le n o id  foramen p r e s e n t
25 . m asto id  p ro c e s s e s  sg u a re  o r  r e c t a n g u la r  in  c r o s s  
s e c t i o n ,  w ith  b lu n t  ends
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2 6 . b road  c r e s t  c o n n ec tin g  m asto id  and p a r o c c i p i t a l  
p ro c e sse s  ( i f  l a t t e r  a r e  p r e s e n t  and d i s t i n c t )
27 . p a r o c c i p i t a l  p ro c e s s e s  w e ll  p o s t e r i o r  t c  b u l l a ,  no t 
cupping  r e a r  even t o  e x te n t  seen in  c a n id s
28 . b a s isp h e n o id  forms b u t t r e s s  a g a in s t  a n te ro m e d ia l  
c o rn e r  o f  b u l l a ;  a n te ro m e d ia l  p ro c e ss  from b u l l a  
n e v e r  p re s e n t
29 . v e r t i c a l  f la n g e s  from b a s i o c c i p i t a l  app ressed  a g a in s t  
m ed ia l s i d e  o f  e a r  re g io n
I n t r a c r a n i a l  Morphology
30 . te n to r iu m  e x h i b i t i n g  l i t t l e  c r  no o s s i f i c a t i o n  cf 
v e n t r a l  p o r t io n s
31 . a t  l e a s t  some f l a n g e  of b a s i o c c i p i t a l  ro o f in g  
i n f e r i o r  p e t r o s a l  s u l c u s ;  m atching s u lc u s  p r e s e n t  on 
p e t r o s a l ,  form ing p e t r o b a s i l a r  c a n a l
3 2 . p o s t e r i o r  foramen from sigm oid s u lc u s  th rough  cranium 
to  ( e x te rn a l )  m asto id  foramen
33. ( e x t e r n a l :  p o s t p a r i e t a l  fo ram ina  p re s e n t )
of B ap b o u ro fe lin ae  w ith  o th e r  n im rav ids
NIMRAVINAE 6 HOPLOPHONINAE BARBOUROFELINAE
4 .  c r i s t a  tympanica ex ten d s  c r i s t a  tym panica p r o j e c t s
on ly  very  s l i g h t l y  i n t o  i n t o  c a v i t y ;  m odera te ly
tym panic c a v i ty lcn g  t u b u la r  meatus
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 356
8 . v e n t r a l  edge o f  e c to ty m - 
p an ic  f i n i s h e d ,  f a c e te d
1 2 . b u l la  n o t co m ple te ly  
o s s i f i e d
1 3 . en to tym p an ic  t h i c k ,  
sandwich c o n s t r u c t io n  
with c a n c e l lo u s  i n t e r i o r
1 6 . hypotympanic s in u s
never in v ad e s  m asto id
1 7 . no c r i s t a e  on i n t e r n a l  
s u r f a c e  o f  en to tym pan ic
18 . a u d i to r y  re g io n  deep ly  
re c e s s e d
22. p e t r o b a s i l a r  foram en: bcny 
p a r t i t i o n  s e p a r a t in g  e x i t  
o f  i n f e r i o r  p e t r o s a l  s in u s
e x te n t  o f ec tc ty m p an ic  
no t d e te rm in a b le
b u l la  f u l l y  o s s i f i e d  
and com ple te
en to ty m pan ic  not demon­
s t r a t e d ;  b u l l a  w all  t h in ,  
u n i la m in a r ,  s o l id  bone
hollow  in  m asto id  e n la r g e s  
hypotympanic s in u s
s e v e r a l  v a r i a b l e  c r i s t a  
on i n t e r n a l  w all  o f  b u l la
s h a l l o w  a u d i to r y  reg io n
e x i t  o f i n f e r i o r  p e t r o s a l  
s in u s  i n t e r n a l l y  c o n f lu e n t  
w ith  p o s t e r i o r  l a c e r a t e  f .
2 4 .  p o s tg le n o id  f o r .  p r e s e n t  p o s tg le n o id  f o r .  a b sen t
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28 . a n te ro m e d ia l  b u t t r e s s  on t y p i c a l  a n te ro m e d ia l  p ro -
b a s is p h e n o id ;  no a n t e r o -  c e s s  p r e s e n t ;  no b u t t r e s s
m ed ia l p ro c e ss  from b u l la  on b a s isp h e n o id
29 . v e r t i c a l  f l a n g e s  on b a s i -  no v e r t i c a l  f l a n g e s ;  b a s i ­
o c c i p i t a l  medial t o  b u l l a  o c c i p i t a l  o v e r l i e s  b u l la
30 . l i t t l e  o s s i f i c a t i o n  o f  broad o s s i f i c a t i o n  of
te n to r iu m  v e n t r a l l y  te n to r iu m  n e x t  to  p e t r o s a l
31 . d o r s a l  b a s i o c c i p i t a l  open i n f e r i o r  p e t r o s a l
f l a n g e  ro o f in g  p e t r o b a s -  s u lc u s  on d o r s a l  s u r f a c e
i l a r  c a n a l  o f  b a s i o c c i p i t a l
32 . m asto id  foramen p r e s e n t  m asto id  foramen a b se n t
33. p o s t p a r i e t a l  f o r .  p r e s e n t  p o s t p a r i e t a l  f o r .  a b se n t
S i m i l a r i t i e s  between B a rb o u ro fe l in a e and o t h e r  n im rav ids
B a rb o u ro f e l i s  does sh a re  th e  fo l lo w in g  f e a t u r e s  w ith
th e  o th e r  n im rav id s  exam ined. A gain , th e  hom ologies and
p o l a r i t i e s  w i l l  be d i s c u s s e d  in  th e  n e x t  s e c t i o n .
2 .  c r i s t a  tym panica i s  o r i e n t e d  in  a v e r t i c a l  o r  n e a r ly  
v e r t i c a l  p la n e ,  about 30 t o  U5 d e g re e s  from s a g i t t a l  
p la n e








e x t e r n a l  a u d i to r y  meatus i s  w ider than  tympanic no tch  
and t h e r e f o r e  i s  p a r t i a l l y  b locked a n t e r i o r l y  by 
p o s tg le n o id  p ro c e ss
p ro c e ssu s  t u b a r i u s  p r e s e n t  on a n t e r i o r  c ru s  o f  
ec to tym pan ic
no septum b u l la e  i s  p r e s e n t
p o s t e r i o r  c a r o t i d  foramen th ro u g h  w a ll  of b u l l a  i s  
l a t e r a l l y  p laced
some s o r t  o f  channel f o r  th e  an as to m o s is  o f  t h e  
a sce n d in g  pha ryng ea l  a r t e r y  with th e  d i s t a l  p o r t io n  
o f  t h e  i n t e r n a l  c a r o t id  a r t e r y  i s  p r e s e n t  a t  t h e  
a n te ro m e d ia l  c o rn e r  o f  th e  b u l l a  
p o s t e r i o r  l a c e r a t e  foramen p o s i t io n e d  somewhat 
l a t e r a l l y  (a lthou gh  n o t  a s  much so  a s  i n  o th e r  
n im rav ids)
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DISCUSSION 
I n t r o d u c t io n  and Apologia
I  have found problem s a t  s e v e r a l  l e v e l s  o f th e  
a n a l y s i s  i n  bo th  my own work and w ith th e  p u b lish ed  
l i t e r a t u r e .  The b a s i c r a n i a l  r e g io n  i s  to p o g ra p h ic a l ly  
com plex, t h e  nom enc la tu re  i n c o n s i s t e n t ,  and d e t a i l s  cf th e  
s o f t  s t r u c t u r e s  o r on togeny f o r  many e x t a n t  forms unknown. 
These f a c t o r s  c o n t r i b u t e  t o  th e  problem s a t  th e  d i f f e r e n t  
l e v e l s .
F i r s t ,  a t  t h e  l e v e l  o f  "morphology” {da ta  l e v e l  I  in  
my scheme in  F ig u re  1 5 ) ,  t h e r e  a r e  u n f o r tu n a t e ly  i n s t a n c e s  
o f  f a u l t y  o b s e rv a t io n  o r  r e p o r t i n g  of s t r u c t u r e s  o r  bo th . 
P e rhaps  in e x p e r t  o r  in co m p le te  p r e p a r a t io n  c re a te d  an 
i n a c c u r a t e  a p p ea ra n c e ,  o r  p e rhaps  w r i t in g  t h e  a c t u a l  
r e p o r t  from n o te s  some tim e a f t e r  s tu d y  o f  t h e  specimen 
r e s u l t e d  i n  t h e  d i s c r e p a n c i e s ,  b u t  f o r  whatever r e a s o n s ,  
i n s t a n c e s  can be found (a l thou gh  r a r e ,  f o r tu n a t e ly )  of 
p u b l is h e d  d e s c r i p t i o n s  t h a t  j u s t  do n o t  a p p ea r  to  me to  
a c c u r a t e l y  d e s c r ib e  some f e a t u r e  of a s p e c i f i c  specim en.
More commonly, a p p a re n t  in a c c u r a c ie s  c o n ta in  a l a r g e r  
e lem en t o f  i n t e r p r e t a t i o n .  As an exam ple, s e v e r a l  a u th o rs  
have argued ( e .g .  S c o t t ,  1889; Hough, 1953: 106) t h a t  a 
septum b u l l a e  i s  p r e s e n t  in  some specim ens o f  D i n i c t i s . 
E xam ination  o f  t h e  sp ec im en s , and o f t e n  o f  e a r l i e r  
s e c t i o n s  o f  t h e  p u b lish ed  r e p o r t s  th e m s e lv e s ,  r e v e a l  t h a t
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what t h e  a u th o r s  pe rh ap s  saw was th e  s h o r t  p a r t i t i o n  in  
t h e  a n te ro m e d ia l  c o rn e r  o f  th e  b u l l a .  T h is  was 
i n t e r p r e t e d  (p roducing  in fo rm a t io n  i t s e l f  g e n e ra l ly  
c o n s id e re d  f a c t u a l —Level I  in  F ig u re  15) as  being merely 
t h e  v i s i b l e  p a r t  o f  a com plete  septum a c ro s s  th e  b u l l a  
(o f te n  in co m p le te  p r e p a r a t io n  p e rm i t te d  t h i s ) ,  which was 
in  t u r n  hom ologized (producing  a h y p o th e s is  a t  L evel I I )  
w ith  t h e  septum b u l l a e  d e s c r ib e d  by Wincza (1896) i n  F e l i s  
c a t u s . Subsequent a u th o r s ,  g le a n in g  c h a r a c t e r  
d i s t r i b u t i o n s  from th e  l i t e r a t u r e  a s  we a l l  roust, r e p o r te d  
sim ply  t h a t  a septum b u l la e  was p r e s e n t  in  Di n i c t i s . o r  
more o f t e n ,  " i n  n im ra v id s " .  At t h i s  p o i n t ,  n im rav ids  now 
a p p a r e n t ly  s h a re  a c h a r a c t e r  c o n s id e re d  s i g n i f i c a n t  in  t h e  
d e f i n i t i o n  o f  th e  A e lu ro idea  ( e . g .  F low er, 1869; Pocock, 
1916b; H unt, 1974, t o  i l l u s t r a t e  th e  p e r s i s t e n c e  o f  t h i s  
judg m en t)—a c h a r a c t e r  t h a t  no one has a c t u a l l y  s e e n .
Thus when th e  i n i t i a l  o b s e r v a t io n  i s  r e p e a t e d ,  and th e  
m a te r i a l  c a r e f u l l y  p r e p a r e d ,  one f in d s  t h a t  the  i n i t i a l  
o b s e rv a t io n  (h y p o th e s is  a t  Level I) was a p p a re n t ly  p a r t l y  
r i g h t  and now p a r t l y  r e f u t e d ,  and e v e ry th in g  fo l lo w in g  i s  
now c o n s id e re d  e n t i r e l y  wrong: th e r e  i s  indeed  a f la n g e
o f  bone p r o j e c t i n g  i n t o  th e  tym panic  c a v i ty  o f D i n i c t i s . 
b u t  i t  i s  a low , p a r t i a l  septum w ith  a f in i s h e d  e d g e ,  n o t  
even a s  e x te n s iv e  as th e  can id  septum , and c l e a r l y  not 
b i l a m in a r ,  be ing  en to tym pan ic  o n ly .
Sc p a r t  o f  t h e  problem i s  th e  d i f f e r e n c e  between what
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i s  seen  ( th e  a n t e r i o r  p r o j e c t i o n  c f  bone) and what t h i s  i s  
i n t e r p r e t e d  t o  be ( p a r t  o f a com ple te  se p tu m ).  Although 
i t  would be e a sy  to  p reach  c a r e f u l n e s s  and o b j e c t i v i t y ,  a s  
p ro p o n e n ts  of " th e  s c i e n t i f i c  method" a re  perhaps prone t o  
d o , I  th in k  i t  i s  more im p o r ta n t  to  r e a l i z e  t h a t  one 
alw ays i n t e r p r e t s  what one s e e s ,  and some problems w i l l  
i n e v i t a b l y  r e s u l t .  Perhaps th e  b e s t  a n t i d o t e  i s  a c t i v e  
c o l l a b o r a t io n  among a n a to m is ts  in  th e  i n t e r p r e t a t i o n  and 
d e s c r i p t i o n  o f  m a te r i a l  (on th e  assum ption  t h a t  mass 
h a l l u c i n a t i o n s  a re  r a r e r  e v e n ts  th an  a r e  i n d iv i d u a l  cases  
o f  w ish fu l  t h i n k i n g ) .
The second p a r t  o f th e  problem l i e s  in  th e  a c t  of 
hom ologiz ing  th e  s t r u c t u r e — i . e . ,  i d e n t i f y i n g  a s t r u c t u r e  
( s te p  1 i n  F ig u re  15, p roducing  h y p o th eses  a t  d a ta  le v e l  
I I ) .  In  t h i s  exam ple, I  have t e s t e d  t h e  i d e n t i f i c a t i o n  o f  
t h i s  s t r u c t u r e  a s  a "septum b u l l a e "  i n  th e  fo re g o in g  
d e s c r i p t i o n s  by f u r t h e r  c o n s id e r a t io n  o f  i t s  to p o lo g ic a l  
r e l a t i o n s h i p s  and i t s  d e t a i l e d  s t r u c t u r e .  On th e  b a s i s  o f  
th o s e  r e s u l t s ,  I  c o n s id e r  th e  i d e n t i f i c a t i o n  of th e  
s t r u c t u r e  a s  a septum b u l la e  r e f u t e d  f o r  th e  time 
b e in g — i . e . ,  I  am h o ld in g  p r e f e r e n t i a l l y  a com peting 
h y p o th e s is .
The f i n a l  problem i l l u s t r a t e d  by t h i s  example i s  t h a t  
o f  th e  b re a d th  o f  sam pling u n d e r ly in g  g e n e r a l i z a t io n s  
a b o u t  c o n d i t io n s  w i th in  a h ig h e r  t a x o n .  H ere , a septum 
o b served  i n  some D i n i c t i s  had been g e n e r a l i z e d  by some
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a u th o r s  t o  be t r u e  o f  t h e  e n t i r e  fam ily  N im ravidae . 
Although g e n e r a l i z a t io n  i s  n e c e s s a ry ,  I  have t r i e d  to  
b a la n c e  i t  w ith  s t a te m e n ts  c f  t h e  r e l a t i v e  b rea d th  of t h e  
sam ple u n d e r ly in g  each g e n e r a l i z a t i o n .
I  h a s te n  to  acknowledge t h a t  I  have a l l  t h e  above 
problem s w ith  my own a n a ly s e s  a s  w ell a s  w ith  th o s e  of 
some o t h e r  a n a to m is t s .  Sometimes p eo p le  make i n c o r r e c t  
i d e n t i f i c a t i o n s  because  th ey  do no t know t h e  s t r u c t u r e  o f  
such a  complex re g io n  a s  th o ro u g h ly  a s  th e y  might; i t  i s  a 
r a r e  p a l e o n to l o g i s t  o f  whom t h i s  i s  n o t  t r u e  o c c a s io n a l ly .  
A lso ,  however, t h e  in co m p le te  n a tu r e  o f  f o s s i l  m a t e r i a l ,  
and even o f  some r e c e n t  forms f o r  which s o f t  anatomy i s  
p o o r ly  known, r e q u i r e s  one to  c o n s t a n t ly  e v a lu a te  and 
p e rh a p s  r e v i s e  th e  i d e n t i f i c a t i o n  o f  f e a t u r e s —th e  
h y p o th eses  o f homology. C o n c lu s io n s ,  r e p o r t e d  h e re  o r 
anywhere e l s e ,  can n o t  be f i n a l  o r  c e r t a i n .
With th e s e  c a v e a t s  o r  d i s c la im e r s  b eh ind  me, I  w i l l  
now summarize th e  c h a r a c t e r  a n a l y s i s  o f each f e a t u r e  t h a t  
I  was a b le  t o  r e c o g n iz e  and c h a r a c t e r i z e  ( i . e .  fo rm u la te  
h y p o th e se s  a t  l e v e l  I  f o r  a d i v e r s i t y  o f  t a x a ) . Under 
S tep  1 (see  T ab le  4 ) ,  t h e  s t r u c t u r a l  r e l a t i o n s h i p s  I  
th o u g h t  most s i g n i f i c a n t  in  making my i d e n t i f i c a t i o n s  w i l l  
be review ed f o r  each f e a t u r e  a b o u t  which any re a so n a b le  
q u e s t io n  has been o r  could be r a i s e d ,  t o  my knowledge.
S tep  2 o f  th e  a n a l y s i s —d e te rm in in g  th e  g e n e r a l i t y  of 
d i s t r i b u t i o n  o f  each c h a r a c t e r  and th e  n e s t in g  of
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c h a r a c t e r s  ( in c lu d in g  what i s  meant by th e  " p o l a r i t y  o f  a 
c h a r a c t e r " ) —u se s  in fo rm a t io n  from s e v e r a l  s o u rc e s :  th e
d i s t r i b u t i o n  o f  each f e a t u r e  among o th e r  C a rn iv o ra ,  the  
o n to g e n e t ic  h i s t o r y  o f  each  f e a t u r e ,  and th e  s t r u c t u r a l  
and c o m p o s i t io n a l  r e l a t i o n s h i p s  among f e a t u r e s .
In  o rd e r  to  r e s t r i c t  th e  scope  o f  t h i s  study t o  a 
manageable s i z e ,  I  r e l i e d  on t h e  l i t e r a t u r e  fo r  much of 
th e  in fo rm a t io n  about c h a r a c t e r  d i s t r i b u t i o n s .  R a th e r  
th an  g e n e ra te  y e t  a n o th e r  n a r r a t i v e  summary of th e  
b a s i c r a n i a l  su rv e y s  t h a t  have been done in  th e  p a s t ,  I  
have i n s t e a d  d i s t i l l e d  th e  p o r t io n s  from th e  most 
com prehensive o f  th o s e  su rv e y s  t h a t  a r e  most 
c o m p a ra t iv e —i . e . ,  t h o s e  which p r e s e n t  comparable 
d e s c r i p t i o n s  o f  th e  same s t r u c t u r e s  on a d i v e r s i t y  of ta x a  
(Table  6 ) .  T h is  i s ,  o f  c o u rs e ,  th e  s o r t  o f  in fo rm a tio n  
needed f o r  c o n s t r u c t in g  p h y lo g e n e t ic  h y p o theses  on a 
r e a s o n a b ly  o b j e c t i v e  b a s i s .  One c o n c lu s io n  t h a t  can  be 
drawn from th e  r e s u l t s  i s  t h a t  t h e  c o n d i t io n s  f o r  
r e l a t i v e l y  few c h a r a c t e r s  a r e  w e l l  documented a c r o s s  th e  
e n t i r e  ran g e  o f  d i v e r s i t y  w i th in  th e  o r d e r .  Much work 
rem ains  t o  be done. The t a b l e  em phasizes t h e  e x t a n t  forms 
in  most c a s e s ;  t h e  a ss ig n m en t t o  fam ily  o f many f o s s i l  
forms i s  d is p u te d  because  o f  t h e  l a r g e r  number of more 
g e n e r a l l y  s h a r e d ,  p r i m i t i v e  c h a r a c t e r s  in  many f o s s i l  
t a x a ,  and few er synapom orphies w ith  th e  e x ta n t  
r e p r e s e n t a t i v e s .  As a r e s u l t ,  t h e  d i s t r i b u t i o n  o f
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c h a r a c t e r  s t a t e s  would be much h a rd e r  t o  summarize fo r  
groups t h a t  in c lu d ed  a l l  r e f e r r e d  f o s s i l s .
Study o f  t h i s  t a b u l a t i o n  r e v e a l s  two, complementary 
problem s f o r  my a n a l y s i s .  F i r s t ,  some in fo rm a t iv e  
f e a t u r e s  s tu d ie d  i n t e n s i v e l y  o v e r  a r e a s o n a b le  d i v e r s i t y  
o f  c a rn iv o ra n s  a r e  n o t  a s c e r t a i n a b l e  in  f o s s i l  m a t e r i a l .  
For exam ple, I  have concluded  t h a t  most h y p o th eses  about 
c i r c u l a t o r y  p a t t e r n s  in  e x t i n c t  an im als  a r e  very  h ig h  
o rd e r  h y p o th e se s ,  and t h e r e f o r e  both  based on r e l a t i v e l y  
tenuo us  ev id en ce  and r e l a t i v e l y  d i f f i c u l t ,  to  t e s t .  The 
second problem i s  t h a t  s e v e r a l  o f  th e  f e a t u r e s  i d e n t i f i e d  
in  my d e ta i l e d  a n a l y s i s  o f  th e s e  few tax a  a r e  not 
mentioned in  th e  l i t e r a t u r e  on o th e r  c a rn iv o ra n  t a x a .  I  
have t h e r e f o r e  examined some a d d i t i o n a l  spec im ens , but 
must emphasize t h a t  t h i s  was n e c e s s a r i l y  l i m i t e d .  In  
t h e s e  com parisons , I  c o n c e n t r a te  cn ta x a  t h a t  a re  more 
l i k e l y  t o  r e p r e s e n t  o u t - g ro u p s :  m ia c id s ,  v i v e r r a v i d s ,  and
c r e o d o n t s .  And I  have r e l i e d  h e a v i ly  on th e  very u s e fu l  
a n a l y s i s  and summary by MacFhee (1981) f o r  p r im a te s  and 
e u th e r i a n  i n s e c t i v o r e s ,  in  which an a n a l y s i s  o f th e  
p r i m i t iv e  c o n d i t io n  o f  many f e a t u r e s  in  e u th e r ia n s  was 
p r e s e n te d .  ( I  w i l l  t h e r e f o r e  n o t  r e i t e r a t e  a d is c u s s io n  
of th e  b a s i c  e u th e r i a n  morphotype and p o l a r i t i e s  f o r  
e u th e r i a n s  h e r e . )
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Tvmpanic F l o o r : Ecto tym panic
1 .  A l l  l i v i n g  t h e r i a n s  have an e c to ty m p a n ic ,  which 
a lw ays a r i s e s  in tram em branously  (Van d e r  Klaauw, 1931: 6; 
MacPhee, 1981: 1 9 ) .  I  know o f  no e v id en ce  t h a t  h a s  c a s t  
doub t on th e  homology of t h i s  e lem ent w i th in  t h e r i a n s ,  
much l e s s  w i th in  c a r n iv o r a n s .  The ec to tym p an ic  i s  u s u a l ly  
r e a d i l y  i d e n t i f i e d  by th e  p re se n c e  of a m eatus , c r i s t a  
ty m p an ica , and th e  c o n s ta n t  r e l a t i o n s h i p  w ith  a d ja c e n t  
c r a n i a l  e le m e n ts—th e  a n t e r i o r  c r u s  i n s e r t s  on th e  
squam osal and th e  p c s t e r i o r  c ru s  on t h e  a n te ro m e d ia l  
c o rn e r  o f  th e  m asto id  p ro c e s s .  I  h av e , however, t o  my 
s u r p r i s e ,  found one c a s e  of d isag reem en t w ith  th e  
i d e n t i f i c a t i o n  o f  an ec to ty m p an ic  a s  be ing  t h a t  e le m e n t :  
Van d e r  Klaauw (1931: 316-318) argued t h a t  th e  e lem ent 
p r e v io u s ly  i d e n t i f i e d  a s  an (ec to ) ty m p an ic  r in g  i n  a 
p a r t i c u l a r  s k u l l  o f  Nimravus was perhaps th e  remnant o f a 
septum i n s t e a d ,  pe rhaps  even o f  a septum b u l l a e .  From h i s  
d e s c r i p t i o n ,  I  conc lude  t h a t  in co m p le te  p r e s e r v a t io n  o r  
t h e  p re sen c e  o f  o b sc u r in g  m a tr ix  o r bo th  r e s u l t e d  i n  an 
in a c c u r a te  a ssessm en t o f c r i t i c a  f e a t u r e s ;  i n  th e  more 
c o m p le te ly  p re se rv e d  and p re p a re d  spec im ens , one can see  
t h a t  a c o a p le te  c r i s t a  tym panica does indeed  occur on th e  
i n n e r  f a c e ,  t h a t  th e  a n t e r i o r  c r u s  i s  e lo n g a te  and 
d o r s a l l y  r e t u r n s  t o  t h e  c o r r e c t  p o in t  o f i n s e r t i o n  ju s t  
m ed ia l t o  th e  p o s tg le n o id  fo ram en , and t h a t  t h e r e  i s  a 
s u t u r e  s e p a r a t in g  th e  p o s t e r i o r  c r u s  from t h e  c a u d a l
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p r o c e s s  o f  th e  p e t r o s a l ,  f o r  exam ple. An e r ro n e o u s  l e v e l  
I  h y p o th e s is  r e s u l t e d  from no t r e c o g n iz in g  th e s e  f e a t u r e s .
The p r i m i t iv e  form of th e  e c to ty m p an ic  i s  q u i t e  
u n c e r t a i n :  MacPhee (1981: 252) t e n t a t i v e l y  proposed  t h a t
some ex pansio n  i s  p robab ly  p r i m i t i v e ,  e s p e c i a l l y  t h e  
v e n t r o l a t e r a l  r im , and t h a t  no ex p an sion  o r  g re a t  
e x p an s io n  would then  both be d e r iv e d .  Van d e r  Klaauw 
(1931: 10-11) rev iew ed v a r io u s  a u th o rs*  s ta te m e n ts  about 
w he ther  r i n g l i k e  o r  broadened e c tc ty m p a n ic s  a re  p r i m i t iv e  
f o r  C a rn iv o ra  and C reodo n ta ,  d e m o n s tra t in g  t h a t  t h e r e  has 
been a f a i r  amount o f  c o n fu s io n  o r  am b igu ity  about what i s  
meant by " r i n g l i k e " .  Both very  expanded (both  m ed ia lly  
and l a t e r a l l y )  and o n ly  m o d era te ly  expanded ec to tym pan ics  
a r e  found among c a r n iv o r a n s ;  a rg u in g  from t h e  r e l a t i v e l y  
l i t t l e  ex pansio n  o f  t h e  ec to ty m p an ic  s c a t t e r e d  th rou gho u t 
m a r s u p ia ls  and e u th e r i a n  i n s e c t i v o r e s , l im i te d  ex p an sion  
be p r i m i t i v e  f o r  C a rn iv o ra .
The n a tu r e  and d i r e c t i o n  o f  t h a t  ex p an s io n ,  however, 
can a l s o  show v a r i a t i o n .  The m o d era te ly  expanded 
c o n d i t io n  t h a t  has  j u s t  been argued  t o  be p r im i t iv e  i s  one 
o f  m ed ia l e x p a n s io n ,  p roducing  ( i f  an en to tym pan ic  i s  
a b s e n t )  a s h i e l d l i k e  d e m i- b u l la .  The p l a t e l i k e  a p p ea ran ce  
o f  th e  n im rav id  ec to tym p an ic  seems to  me to  co rrespond  
b e s t  t o  Van d e r  K laauw 's  " v e n t r a l  e x p a n s io n " ,  (which 
e ls e w h e re  o c c u rs  s p o r a d i c a l l y  i n  x e n a r t h r a n s ) ; y e t  even 
t h i s  p o t e n t i a l  s i m i l a r i t y  i s  n o t  c l e a r ,  however, because
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in  Van d e r  Klaauw*s own a n a l y s i s  o f  a Nimravus basic ran ium  
(d is c u s se d  ab o v e ) ,  h e  found th e  shape and p o s i t i o n  o f  t h e  
ec to ty m p an ic  so  odd t h a t  he dec id ed  i t  was r e a l l y  th e  
rem nant o f  a septum in  th e  b u l l a .  Yet what he d e sc r ib e d  
sounds l i k e  ev ery  e c to ty m p an ic  I  have seen i n  D i n i c t i s . 
N im ravus. o r  Hcp lo p h o n eu s . Given i t s  l im i t e d  d i s t r i b u t i o n  
o u t s i d e  th e  C a rn iv o ra ,  and r e s t r i c t i o n  w i th in  th e  o rd e r  to  
n im ra v id s ,  t h i s  p l a t e l i k e  c o n d i t io n  o f  th e  ec to ty m pan ic  
would appea r  t o  be d e r iv e d  f o r  n im ra v id s .
Comparison w ith  m ia c id s  ( s . l . )  and c r e o d c n t s " o f f e r s  
no h e lp  in  t h i s  f e a t u r e .  Nc m iacid  h as  been found with 
t h e  ec to ty m p an ic  p r e s e r v e d .  Few c re o d o n ts  have 
ec to ty m p a n ic s  p re se rv e d  ( th e  one I  am s tu d y in g  does not) 
and th e  l i t e r a t u r e  i s  very  c o n t r a d i c t o r y  ab o u t  t h e i r  
c o n d i t i o n .  Ontogeny does no t seem to  o f f e r  an answer 
e i t h e r :  MacPhee (1981: 252) a rgued  f a i r l y  c o n v in c in g ly
a g a i n s t  th e  h y p o th e s is  t h a t  t h e  v e ry  s im p le  r i n g l i k e  
c o n d i t io n  seen  in  t u p a i i d s  and lem urs i s  th e  p r i m i t iv e  
a d u l t  c o n d i t io n  f o r  t h e r i a n s .
I  can see  no s t r u c t u r a l  r e s t r i c t i o n s  on t h i s  f e a t u r e .  
That i t  i s  n o t  an a u to m a t ic  c o r r e l a t e  o f  th e  lack  o f  an 
o s s i f i e d  en to tym pan ic  i s  o f  c o u rs e  dem onstra ted  by forms 
such a s  N an d in ia , Dasypus, o r  t h e  m eg ach iro p te ran s  
P te r o p u s . flcerodon . and Boneia (Novacek, 1977), in  which 
th e  ec to ty m p an ic  i s  more s h i e l d l i k e .  Bar b o u r o f e l i s  might 
s h a r e  t h i s  c o n d i t io n  i f  t h e  ec to ty m p a n ic  were o n ly  th e
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l a t e r a l - m o s t ,  v e r t i c a l  p o r t io n  o f  th e  b u l l a ;  t h i s  canno t 
be de term ined  u n t i l  t h e  l i m i t s  o f  th e  ec to tym pan ic  a re  
d e te rm in e d .  .And o f  c o u r s e ,  even i f  t h e  b u l l a  in  
B a ib o u r o f e l i s  were found to  be e n t i r e l y  e c to ty m p a n ic ,  t h i s  
cou ld  be an even more d e r iv e d  c o n d i t io n  developed from 
t h a t  seen  in  th e  o th e r  n im ra v id s .  The c o n d i t io n  o f  the  
b u l l a  in  Eusmilus and Sansanosm ilu s  w i l l  be very r e l e v a n t  
t o  t h e s e  q u e s t io n s ;  a d d i t i o n a l  s tu d y  i s  needed, 
p a r t i c u l a r l y  o f  th e s e  l a t t e r  t a x a .
2 .  A n e a r ly  h o r i z o n t a l  i n c l i n a t i o n  o f  the  tympanic 
membrane, a s  judged from t h e  i n c l i n a t i o n  o f  the  tym panic 
r i n g ,  i s  w idely  c o n s id e re d  p r i m i t iv e  ( e . g . .  Van d e r  
Klaauw, 1931: 16, and r e f e r e n c e s  c i t e d  t h e r e i n ) ,  on the  
b a s i s  o f  both i t s  wide d i s t r i b u t i o n  and i t s  i n i t i a l  
p o s i t i o n  d u r in g  on togeny . At f i r s t  I  th o u g h t  MacPhee 
(1981: 246) he ld  th e  o p p o s i te  o p in io n ,  because  he l i s t e d  
th e  p r im i t iv e  s t a t e  a s  " h ig h ly  i n c l i n e d , ” which I  
c o n t r a s t e d  w ith  Van d e r  Klaauw*s (1931: 16) " n e a r ly  
h o r i z o n t a l  tympanic r i n g . . . t h i s  sm all  i n c l i n a t i o n . ” 
However, I  f i n d  t h a t  whereas Van der  Klaauw was sp eak in g  
o f  i n c l i n a t i o n  from t h e  h o r i z o n t a l ,  MacPhee was e v id e n t ly  
r e f e r r i n g  t o  i n c l i n a t i o n  from th e  v e r t i c a l :  " th e  a n g le
between th e  h o r i z o n t a l  and th e  p la n e  o f  th e  
e c to ty m p a n ic . . . i s  a t  f i r s t  q u i t e  sm a ll  and th e  
ec to ty m p an ic  i s  h ig h ly  i n c l i n e d "  (MacPhee, 1981: 2 3 ) .  I  
co n c lude  t h a t  th e  term  " i n c l in e d "  must be w e ll  q u a l i f i e d
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and i s  p ro b ab ly  b e s t  avo ided  a t  t h i s  p o i n t .
Although I  d id  o b se rv e  t h a t  th e  p la n e  o f  th e  annu lus  
in  n im ra v id s  i s  g u i t e  v e r t i c a l ,  I  have no t  seen  any 
specim en matching Van d e r  Klaauw*s (1931: 316) o b s e rv a t io n  
in  h i s  specim en o f  Nimravus t h a t  th e  annu lu s  was a c t u a l l y  
t i l t e d  t h e  o th e r  way, from dorsom edia l to  v e n t r o l a t e r a l .
He i n d ic a t e d  t h a t  he saw t h a t  c o n d i t io n  in  nc o th e r  
mammal. (He d id  no t o b je c t  t o  t h e  ec to tym pan ic*s  an g le  
from t h e  s a g i t t a l  p lan e  in  th e  N ia ravus  he was s tu d y in g ;  
t h i s  m atches my o b s e r v a t io n s  t h a t  th e  o b l iq u e  a n g le  i s  
v e ry  s ta n d a rd  w ith in  C a rn iv c ra  and e ls e w h e re .)
Van de r  Klaauw (1931: 16-18) documented some 
v a r i a t i o n  in  t h e  d e g re e  t o  which th e  ec to tym pan ic  i s  
v e r t i c a l  i n  d i f f e r e n t  mammalian o r d e r s ,  b u t  in  g e n e r a l  
concluded  t h a t  i t  i s  e x c e p t io n a l  in  a d u l t s  f c r  th e  
tym panic  r in g  to  be h o r i z o n t a l .  H i th in  t h e  C a rn iv o ra ,  
th o s e  w ith  i n f l a t e d  b u l l a e  g e n e r a l ly  have r i n g s  o r i e n te d  
between 45 d eg rees  and n e a r ly  v e r t i c a l ,  whereas th o s e  w ith  
f l a t ,  r e l a t i v e l y  u n i n f l a t e d  b u l l a e ,  such a s  l u t r i n e s  or 
m e l in e s ,  have a c r i s t a  tym panica t h a t  forms much l e s s  th a n  
a 45 d e g re e  an g le  w ith  th e  h o r i z o n t a l .  R eference  t o  
m ia c id s  o r  c re o d o n ts  i s  aga in  o f  no h e lp .  The 
d i s t r i b u t i o n  o f  th e  f e a t u r e  in  ontogeny i s ,  l i k e  t h e  shape 
of th e  f e t a l  e c to ty m p a n ic ,  very  c o n s i s t e n t  and su p p o r ts  
t h e  h y p o th e s is  o f  a h o r i z o n ta l  o r i e n t a t i o n  be ing  p r im i t iv e  
f o r  Mammalia bu t g iv e s  no f u r t h e r  c lu e  abou t t h e  p o l a r i t y
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w ith in  th e  o rd e r  C a rn iv o ra .  I n  a s e n s e ,  th e  h o r i z o n t a l  
o r i e n t a t i o n  i s  very  d i r e c t l y  a f u n c t io n  o f th e  b u l l a  shape 
in  th o s e  c a rn iv o ra n s  w ith  a f l a t t e n e d  b u l l a ,  and p e rh a p s  
i t  i s  th e  l a t t e r  f e a t u r e  t h a t  shou ld  be a n a ly z e d .  In  any 
c a s e ,  th e  on ly  e v id e n ce  I  can f in d  f o r  th e  p o l a r i t y  o f  
t h i s  f e a t u r e  i s  t h a t  th e  v e r t i c a l  o r i e n t a t i o n  i s  an 
ex trem e c o n d i t io n  and t h e r e f o r e  p robab ly  d e r iv e d —n o t  a 
ve ry  s t r o n g  argum ent. Because o f t h i s  u n c e r t a in ty  as  w e l l  
a s  a la c k  o f  d e f i n i t i o n  o f  s t a t e s  o f  t h i s  f e a tu r e  f o r  
o t h e r  C a rn iv o ra ,  I  c o n s id e r  t h i s  c h a r a c te r  u n in fo rm a tiv e  
a t  p r e s e n t .
3 .  When Van der  Klaauw (1931: 317) observed  t h a t  th e  
h o r i z o n t a l  d iam ete r  o f  t h e  e x t e r n a l  a u d i to r y  meatus in  h i s  
specim en o f  Nimravus was so  much l a r g e r  than  th e  tym panic  
no tch  was w ide, he u sed  t h a t  a s  an a d d i t i o n a l  o b j e c t io n  t o  
th e  i d e n t i f i c a t i o n  o f  t h a t  bone a s  t h e  e c to ty m p a n ic ,  and 
a s s e r t e d  t h a t  " I f  i t  r e a l l y  i s  an an n u lu s  tym panicus which 
i s  o u t  o f  p l a c e ,  i t s  shape  must have c h a n g e d . . . ” Frcm my 
o b s e r v a t i o n s ,  I  have concluded  t h a t  th e  e c to ty m p a n ic  was 
p ro b ab ly  u n d i s to r te d  and in  p ro p e r  p o s i t io n  in  h is  
specim en: every  n im rav id  specim en I  examined i n  which th e
e c to ty m p an ic  i s  no t a c t u a l l y  broken o r  a b s e n t  e x h ib i t e d  
t h i s  c o n d i t i o n .  In  e v e ry  c a s e ,  th e  ve ry  long  h o r i z o n t a l  
a n t e r i o r  c ru s  la y  a p p re ssed  t o  th e  squamosal a long  an a r e a  
th e  a n t e r i o r  end o f  which i s  v e ry  f a r  a n te ro m e d ia l  to  th e  
t y p i c a l  i n s e r t i o n  fo r  th e  c ru s  (as Van d e r  Klaauw
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o b s e r v e d ) , bu t  o f  which th e  p o s t e r i o r  end i s  in  t h e  p rop er  
p o s i t i o n .  I  have concluded  from t h i s  f e a t u r e ' s  co n s tan cy  
and t h e  l a c k  o f  c o n t r a d i c t i o n  when th e  f u l l  r in g  i s  
c o n s id e re d  t h a t  t h i s  r e p r e s e n t s  th e  c o n d i t io n  o f  t h e  
e c to ty m p a n ic  i n  l i f e  in  th e s e  a n im a ls .
I  have n o t  seen t h i s  c o n d i t io n  in  any non-n im ravid  
mammal (nor a p p a r e n t ly  had Van d e r  Klaauw), nor can  I  f i n d  
any o th e r  r e f e r e n c e  i n  th e  l i t e r a t u r e  to  i t  in  e i t h e r  
n im ra v id s  o r  o th e r  mammals (a l tho ugh  Hough, 1953, d id  n o te  
t h a t  th e  n im rav id  meatus f a c e s  i n t o  t h e  base  o f  t h e  
p o s tg le n o id  p ro c e s s ,  a r e l a t i o n s h i p  t h a t  r e s u l t s  from th e  
sh a p e ,  s i z e ,  and o r i e n t a t i o n  o f th e  tym panic r in g  i n  t h i s  
c a s e ) .  I  conclude  t h e r e f o r e  t h a t  t h i s  i s  a s p e c ia l i z e d  
c o n d i t io n  fo r  n im rav ids i n c lu d in g  B a r b o u r o f e l i s .
4 .  A p r o je c t io n  o f  th e  tympanic c r i s t a  and s u lc u s  
w e ll  i n s i d e  t h e  b u l l a  was m entioned by Van d e r  Klaauw 
(1931: 202) f o r  some c a r n i v c r a n s ,  r o d e n t s ,  and u n g u la te s .  
T here  a p p e a r s ,  from h i s  comments, t o  be much v a r i a t i o n  in  
t h e  s t r u c t u r a l  d e t a i l s  o f  what t h i s  p r o j e c t i o n  a c t u a l l y  i s  
and i t s  r e l a t i o n s h i p s  w ith  a d ja c e n t  b u l l a  to p o lo g y .  My 
su rvey  o f  th e  o th e r  C a rn iv o ra  was to o  l im i te d  t o  
d e m o n s tra te  w hether o r  n o t  d i s t i n c t l y  d i f f e r e n t  s t a t e s  o f  
t h i s  f e a t u r e  cou ld  be re c o g n iz e d .  In non-n im rav id  
c a r n i v o r a n s ,  e x te n s io n  o f  th e  c r i s t a  tym panica i s  o f t e n  
much g r e a t e r  v e n t r a l l y  th a n  d o r s a l l y ,  f u r t h e r  c o m p l ic a t in g  
d e f i n i t i o n  o f  s t a t e s .  F r e q u e n t ly ,  th e  a p p a re n t  exp an sion
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seems t o  be a f u n c t io n  o f  some com bination  o f  th e  a n g le  a t  
which th e  tym panic r i n g  i s  i n c l i n e d  from th e  v e r t i c a l ,  and 
t h e  d e g re e  and manner o f  ex p an s io n  l a t e r a l l y  to  produce  an 
e x t e r n a l  a u d i to ry  m ea ta l  t u b e ,  a s  w e ll  as  t h e  p r o j e c t i o n  
of th e  c r i s t a  i t s e l f .  T h e re fo re  the  main problem w ith  
t h i s  f e a t u r e  a t  p r e s e n t  i s  th e  la c k  o f  d e f i n i t i o n  o f  
c h a r a c t e r  s t a t e s .
As w ith  p re v io u s  e c to ty m p a n ic  f e a t u r e s ,  m iac id s  and 
c re o d o n ts  supp ly  no in fo rm a t io n  about o th e r  s t a t e s  o r  
p o l a r i t y .  Ontogeny i n d i c a t e s  t h a t  any e x te n s io n  d ev e lo p s  
s e c o n d a r i l y .  Given t h e  d i s t r i b u t i o n  in  g e n e ra l  w i th in  th e  
Naaiiijalia, t h e  s im p le s t  h y p o th e s is  ap p ea rs  t o  be t h a t  th e  
n im rav id  c o n d i t io n  (ex c ep t  B a rb o u ro f e l i s ) i s  p r i m i t i v e  f o r  
t h e  C a rn ivo ra  (and t h e r e f o r e  w i l l  no t supp ly  d i r e c t  
e v id e n ce  o f  r e l a t i o n s h i p ) ,  b u t  I  do n o t  know th e  v a r i a t i o n  
w e ll  enough w i th in  t h e  o rd e r  t o  argue f o r  any s p e c i a l  
resem blance  between t h e  p a r t i c u l a r  d e r iv ed  c o n d i t io n  in  
B a r b o u ro f e l i s  and any o t h e r  c a rn iv o ra n  ta x o n ,  o r  among 
o t h e r  c a rn iv o ra n  tax a  such  t h a t  th e  N im ravidae a re  
exc luded  from p a r t i c u l a r  g ro u p s .
5 .  A c lo se d  o r  n e a r ly  c lo s e d  tympanic r i n g ,  i n  which 
t h e  two c ru r a  meet o r  n e a r ly  meet above th e  e x t e r n a l  
a u d i to r y  m eatus , i s  d i f f i c u l t  t o  dem o ns tra te  i f  t h e r e  has  
been e x te n s iv e  c o - o s s i f i c a t i o n  w ith  t h e  squam osa l, a s  i s  
th e  c a s e ,  f o r  exam ple , in  B a r b o u r o f e l i s . In  th e  o t h e r  
n im ra v id s ,  th e  s u t u r e s  o u t l i n i n g  th e  c r u r a  a r e  s t i l l
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v i s i b l e ,  and one can d e te rm ine  t h a t  th ey  come w i th in  a few 
m i l l im e te r s  o f  m eeting  d o r s a l l y ,  because  o f  th e  h o r i z o n t a l  
e lo n g a t io n  of th e  a n t e r i o r  c r u s .
The c lo s e d  o r  n e a r ly  c lo se d  c o n d i t io n ,  a c c o rd in g  t o  
Van d e r  Klaauw (1931: 1 4 -1 6 ) ,  o c c u rs  in  C h i r c p t e r a ,  
x e n a r th r a n s ,  many r o d e n t s ,  V iv e r ra . C a n is . Pu t o r i u s . 
M uste la  and p e rhaps  Phoca among th e  C a r n iv o r a ,  and 
T a r s i u s ,  and many u n g u la te s  (in  which th e  tu b e  i s  o f t e n  
g r e a t l y  e lo n g a te d ) .  S e v e ra l  p o in t s  a r e  n o t  c l e a r  from a 
l i s t  l i k e  t h i s :  w hether t h e r e  r e a l l y  a re  twc d i s t i n c t
s t a t e s —h a l f  a tu b e  a s  in  Ursus and a c lo se d  tube  o r  
n e a r ly  so a s  in  Canis —o r ,  s in c e  i t  i s  n o t  c l e a r  what t a x a  
were examined and which lack ed  th e  c lo sed  tu b e ,  whether 
in te r m e d ia te  s t a t e s  o c c u r  (as would seem l i k e l y ) ,  and i f  
s o ,  how much v a r i a t i o n  t h e r e  i s  w i th in  a s p e c i e s  o r  genus . 
However, th e  th e  few specim ens I  examined (Table  3 ) ,  t h e r e  
d id  indeed  seem to  be two s t a t e s ,  s e p a ra b le  on w hether t h e  
a n t e r i o r  c ru s  was ben t and had a h o r i z o n ta l  segment 
( r e s u l t i n g  in  a c lo s e d  o r  n e a r ly  c lo sed  r in g )  o r  whether 
i t  was s im ply  p o s t e r o d o r s a l l y  d i r e c te d  (U-shaped 
ec to tym pan ic )  • And t h e  d i s t r i b u t i o n s  o f t h e s e  s t a t e s  were 
a p p a r e n t ly  l a r g e ly  c o n s i s t e n t  w i th in  f a m i l i e s —a p p a re n t ,  
t h a t  i s ,  to  t h e  e x te n t  t h a t  fu s io n  of ec to tym pan ic  with 
squam osal d id  n o t  o b sc u re  th e  c o n d i t i o n .
The u r s i d s  and p ro c y o n id s  g u i t e  c l e a r l y  had t ro u g h s  
o f  ec to tym p an ic  ro o fe d  by squamosal (as d id  Amphicycn) •
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M u ste l id s  a l l  had a c o m p le te ly  c lo se d  tu b e ;  a lth o u g h  
c o - o s s i f i c a t i o n  was f r e q u e n t ly  e x t e n s i v e ,  t h e r e  was always 
a l i n e  o f  p o res  and r i d g e s  t h a t  appeared  t o  d e l i n e a t e  th e  
edge o f  th e  e c to ty m p a n ic .  C anis l a t r a n s  c l e a r l y  had a 
co m p le te ly  c lo se d  tu b e  (as d id  t h e  c a n id s  S e g a l ,  1943, 
exam ined), whereas Hesperocvon had an open, U-shaped 
tympanic r in g  (which, to g e th e r  w ith  t h e  open ’r in g *  in 
s e v e r a l  o th e r  O ligocene  c a r n iv o r a n s ,  su g g e s te d  to  C lark  
and Guensbery, 1972, t h a t  c lo s u r e  o c cu rred  in d ep e n d en tly  
in  s e v e r a l  f a m i l i e s  and was n o t  a r e l i a b l e  p h y lo g e n e t ic  
i n d i c a t o r ) .  The V iv e r r id a e  c o n s i s t e n t l y  had an open , 
U-shaped e c to ty m p a n ic ,  whereas H e rp e s t id a e  had a c lo se d  o r  
n e a r ly  c lo sed  r in g  l i k e  th e  H yaenidae.
The on ly  fam ily  in  which v a r i a t i o n  in  t h i s  f e a tu r e  
was seen (among e x ta n t  forms) was th e  F e l i d a e .  The c ru ra  
o f  th e  ec to tym pan ic  fu se d  a t  a very  e a r l y  age  t o  t h e  
squam osal in  f e l i d s ;  t h i s  combined w ith  th e  fo rm ation  o f  a 
sh a rp  r id g e  on th e  squam osal c r e a t e s  a s t r o n g  im p ress io n  
o f  a c lo se d  r in g  in  F e l i s  c a t u s ,  which i s  d isp ro v e n  when 
th e  s k u l l s  of k i t t e n s  a r e  exam ined. In  t h e  l a t t e r ,  the  
r id g e  of squamosal i s  e v id e n t  a t  a very  e a r l y  s t a g e .  
However, in  o th e r  specim ens (Pan thera  t i o r i s  AMNH Cfl 1798, 
f o r  exam ple), th e  o u t l i n e  o f  th e  c ru ra  were s t i l l  e v id e n t ;  
in  t h i s  case  th e  c r u r a  met a t  t h e  p o s t e r i o r  edge o f  th e  
d o r s a l  r im , c lo s in g  t h e  tym panic  r i n g .
As w ith  o th e r  f e a t u r e s  o f  th e  e c to ty m p a n ic ,  t h e
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d eg ree  o f  c lo s u r e  of t h e  tym panic  r i n g  i s  n o t  known fo r  
m iac id s  o r  v i v e r r a v i d s ,  and was n o t  r e p o r t e d  by Van der 
Klaauw (1931: 1U5) f o r  any of th e  ta x a  we now re c o g n iz e  a s  
c r e o d o n t s .  Although t h e  l ip o ty p h la n s  and p r im a te s  
g e n e r a l ly  have in co m p le te  U-shaped e c to ty m p a n ic s ,  a 
com plete  bony tu b e  i s  w idespread  among th e  Mammalia, 
e s p e c i a l l y  among th e  u n g u la te s ,  sc  th e  d i s t r i b u t i o n  a s  a 
whole does no t a rgu e  s t r o n g ly  f o r  e i t h e r  p o l a r i t y .
Ontogeny s u g g e s ts  t h a t  an open , U shape i s  mcst g e n e r a l ly  
d i s t r i b u t e d .  T h is  i s  t h e  p o l a r i t y  I  have t e n t a t i v e l y  
a c c ep ted  f o r  th e  c h a r a c t e r  f o r  th e  p r e s e n t ,  bu t I  th in k  
t h a t  th e  c o n d i t io n  in  c r e o d c n t s ,  m ia c id s ,  and o th e r  
p o s s ib l e  o u t -g ro u p s  t o  th e  C a rn ivo ra  w i l l  a l s o  be 
im p o r ta n t  t o  c o n s id e r  when com plete  ec to ty m p a n ic s  a r e  
fo u n d .
6 .  As w ith  th e  p re v io u s  c h a r a c t e r ,  t h e  deg ree  of 
ex p an s io n  o f  th e  p o s t e r i o r  c ru s  i s  d e te rm in a b le  o n ly  when 
c o - o s s i f i c a t i o n  i s  n o t  so e x te n s iv e  a s  t o  o b sc u re  th e  
l i m i t s  o f  th e  e le m e n t .  Thus, I  could d e te rm in e  t h i s  
f e a t u r e — lac k  of e x p a n s io n —w ith  f a i r  c e r t a i n t y  f o r  a l l  
n im ra v id s  examined e x c e p t  B a r b o u r o f e l i s . a s  long a s  th e  
re g io n  was v e ry  f r e e  o f  m a t r ix .  This a c t u a l l y  was a 
s e r i o u s  l i m i t a t i o n  in  t h i s  re g io n  because  o f  th e  
d i f f i c u l t y  of c le a n in g  th e  complex, c re v a s s e d  a r e a .
Based on bo th  t h e  c o n d i t io n  e a r ly  in  o n to g en y , and 
t h e  d i s t r i b u t i o n  o f  h o rse sh o e -sh a p ed  e c to ty m p a n ic s  in
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mammals, th e  unexpanded p o s t e r i o r  c ru s  i s  p robab ly  
p r i m i t i v e .  The d i s t r i b u t i o n  o f  t h i s  c h a r a c t e r  i s  c l e a r l y  
c lo s e l y  r e l a t e d  to  t h e  d i s t r i b u t i o n  o f  th e  p re v io u s  one, 
and to  t h e  amount and p a t t e r n  o f  m edial o r  v e n t r a l  
expansion  o f  th e  e c to ty m p a n ic ,  b u t  a l s o  t o  t h e  
r e l a t i o n s h i p  between th e  ec to tym pan ic  and th e  p ro ce ssu s  ' 
h y o id eu s .  C o - o s s i f i c a t i o n  obscured  t h i s  f e a t u r e  in  the  
m a jo r i ty  o f Recent specim ens I  exam ined, and I  was 
t h e r e f o r e  unab le  t o  e s t a b l i s h  c h a r a c t e r  s t a t e s  and 
d i s t r i b u t i o n s  w ith in  th e  C a rn iv o ra .
7 .  The o n ly  m ention o f  th e  p ro ce ssu s  t u b a r iu s  on th e  
ec to ty m p an ic  t h a t  I  have found i s  Van d e r  K laauw 's (1931: 
132) b r i e f  d i s c u s s i o n .  (G ray 's  Anatomy, 1980, i d e n t i f i e d  
a p ro ce ssu s  t u b a r i u s  on th e  v e n t r a l  s u r f a c e  o f  th e  medial 
p te ry g o id  p l a t e ,  d e s c r ib in g  i t  a s  an a n g u la r  p ro c e s s  t h a t  
su p p o r ts  th e  p h a ry n g e a l  end o f  th e  a u d i to ry  tu b e .  This i s  
c l e a r l y  riot t h e  homologue of th e  p ro c e ss  l a b e l l e d  by Van 
d e r  Klaauw as  th e  p ro c e ssu s  t u b a r i u s .  S ince  th e  term  does 
n o t  seem in  w idespread  u se  in  th e  l i t e r a t u r e  on th e  
anatomy and p a le o n to lo g y  o f  c a r n iv o r a n s ,  p e rh a p s  an 
a l t e r n a t i v e  term  sh o u ld  be a d o p te d .)  I  have i d e n t i f i e d  
th e  m e d ia l ly - d i r e c t e d  p ro c e ss  from th e  a n t e r i o r  c r u s  of 
t h e  ec to tym pan ic  in  n im rav id s  a s  a p ro ce ssu s  t u b a r i u s  
because  i t  i s  an ec to ty m p an ic  p ro c e s s ,  and i s  i n  t h e  
c o r r e c t  g e n e ra l  p o s i t i o n  to  co rrespo nd  to  Van d e r  K laauw 's 
p ro c e s s  (see  F ig u re  4 3 ) .  I t  d i f f e r s  in  o r i e n t a t i o n  and
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d e t a i l s  o f  p o s i t i o n  from th e  p ro c e ssu s  t u b a r i u s  i n  th e  
f e l o i d s :  in  t h e  l a t t e r ,  th e  p ro c e s s  i s  h o o k l ik e ,  so  t h a t
t h e  end p o in ts  up th e  c a n a l i s  m u sc u lo tu b a r iu s  (ex cep t in  
H yaen idae , in  which th e  p ro ce ss  i s  a mere n u b b in ) .  In  one 
o f  th e  d i s s e c te d  d o m es tic  c a t  e a r  r e g i o n s ,  t h e  tendon o f  a 
m usc le , presum ably t h e  t e n s e r  v e l i  p a l a t i n i ,  was s t i l l  
a t ta c h e d  and headed up th e  c a n a l .  The hook i s  not 
a p p re ssed  to  t h e  r o o f in g  e le m e n ts ,  b u t  p r o j e c t s  o u t  
c l e a r l y  v e n t r a l l y  to  them, o f t e n  beneath  th e  fo s s a  
m u s c u la r is  major o r  even i t s  a n te ro m e d ia l  e d g e .
Because o f  a la c k  o f  s u i t a b l e  d i s s e c te d  specim ens 
(and a more d i f f i c u l t  e a r  morphology t o  o p e n ) ,  I  am l e s s  
c e r t a i n  o f  t h i s  f e a t u r e  f o r  th e  c a n i fo rm s .  I  have no t y e t  
found a p ro c e s s u s  t u b a r iu s  in  any m u s te l id  and have not 
been a b le  to  d e te rm in e  p resen ce  or. ab sence  f o r  u r s i d s .  In  
Nasua and Ca n i s . I  t h in k  I  can se e  a m ed ia l p rocess  from 
th e  e c to ty m p a n ic ,  in  t h i s  c a se  l y in g  a p p re sse d  to  th e  ro o f  
between th e  e p ity m p an ic  r e c e s s  and th e  fo s s a  m u sc u la r is  
m a jo r .  I n  M i l le r  e t  a l .  (1964), I f i n d  no mention of such 
a p r o c e s s .  On page 156 of t h a t  r e f e r e n c e ,  t h e  t e n s o r  v e l i  
p a l a t i n i  muscle i s  d e s c r ib e d  a s  o r i g i n a t i n g  on th e  
s ty l i f o r r a  p ro c e ss  of th e  b u l l a .  However, on p .  855 , th e  
tendon  o f  th e  muscle i s  i l l u s t r a t e d  i n  t h e  c a n a l i s  
m u sc u lo tu b a r iu s ,  e x te n d in g  back b e s id e  t h e  fo s s a  
m u sc u la r is  m ajo r;  on page 253, th e  m uscle i s  s a id  to  a r i s e  
Min  t h e  groove o f  th e  p e tro u s  tem p ora l  bone v e n t r o l a t e r a l
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t o  t h e  t e n s o r  tympani m u sc le .” The p ro c e s s  from th e  
ec to ty m p an ic  l i e s  v e n t r o l a t e r a l  t o  t h e  f o s s a  fo r  t h e  
t e n s o r  tympani m usc le .
My p r e s e n t  h y p o th e s is  i s  t h a t  th e s e  a r e  a l l  p r o c e s s !  
t u b a r i i ,  and t h a t  th e  n im ravid  c o n d i t io n  i s  s p e c i f i c a l l y  
l i k e  t h e  c o n d i t io n  found in  a t  l e a s t  some c a n id s  and 
p ro c y o n id s ,  on th e  b a s i s  o f i t s  o r i e n t a t i o n  and 
r e l a t i o n s h i p s  to  th e  f e a t u r e s  i n  th e  tym panic  r o o f .
ft s i m i l a r  hook ( l i k e  th e  c o n d i t io n  in  F e l i s )  was 
mentioned f o r  C erv idae  and T a p iru s  by Van d e r  Klaauw; th e  
c o n d i t io n  in  c e ta c e a n s  i s  l e s s  c l e a r .  I  h y p o th e s iz e  t h a t  
t h e  p re sen c e  o f  t h e  p ro c e ss  i s  d e r iv e d  f o r  th e  o rd e r  
C a rn iv o ra ;  bu t  r e c o g n iz e  t h a t  i t s  d i s t r i b u t i o n ,  e s p e c i a l l y  
w i th in  th e  c a n i fo rm s ,  needs t o  be  more c a r e f u l l y  and 
c o m p le te ly  mapped.
8 .  To d e s c r ib e  th e  v e n t r a l  edge o f  th e  ec to tym pan ic  
as f i n i s h e d  and f a c e te d  i s  to  make a judgment abou t the 
r e g u l a r i t y  of th e  shape  of th e  e d g e .  S e v e ra l  o f th e  
n im rav id  specim ens I  examined had b i l a t e r a l l y  sym m etrica l 
e c to ty m p a n ic s ,  w ith  e i t h e r  a b ev e led  e d g e ,  rugose  a s  i f  
f o r  th e  a t ta c h m e n t  o f  a th ic k  c a r t i l a g e ,  o r  an edge with a 
sh a l lo w  s u lc u s  i n  th e  middle o f  th e  f l a t t e n e d ,  widened 
p a r t .  None o f  th e s e  s u l c i  were e v e r  a s  deep in  t h e  
v e n t r a l  and a n t e r i o r  p o r t io n s  a s  th e  d e ep ly  grooved edge 
of th e  ec to ty m p an ic  in  N and in ia ,  so t h e r e  i s  no t a 
com plete  p a r a l l e l  t h e r e .  Since a l l  e u th e r i a n s  have a
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f i b r o u s  membrane f l o o r i n g  t h e i r  a u d i to r y  r e g io n  (MacPhee, 
1981), I  presume t h a t  a t  l e a s t  such a membrane a t ta c h e d  to  
t h i s  s u r f a c e .  The f u l l  argum ents ab o u t  a c a r t i l a g e  v e rsu s  
membrane f l o o r  w i l l  be d is c u s s e d  l a t e r  in  th e  
c o n s id e r a t io n  o f  th e  e n to ty m p an ic .
In  c o n c lu s io n ,  i t  i s  u n c e r t a in  w he ther  t h i s  f l a t t e n e d  
edge i s  th e  same c h a r a c t e r  s t a t e  as t h e  edge of t h e  
e c to ty m p an ic  i n  N a n d in ia . but I  th in k  i t  u n l i k e l y .  I  have 
n o t  seen  a Daphoenus e a r  r e g io n  w ith  th e  edge o f  t h e  
d e m i-b u l la  i n t a c t ;  how ever, ju d g in g  s o l e l y  from t h e  shape 
and o r i e n t a t i o n  o f  t h e  ec to tym pan ic  i n  d ap h o en id s ,  i t  
a p p ea rs  t o  be much more l i k e  t h a t  o f  N an d in ia th an  l ik e  
t h a t  o f  th e  n im ra v id s .
T h is  f e a t u r e  i s  o b v io u s ly  c lo s e l y  l in k e d  with th e  
in co m p le te  o s s i f i c a t i o n  of th e  b u l l a  (and i s  he re  
c o n s e r v a t iv e ly  c o n s id e re d  p a r t  o f  t h a t  c h a r a c t e r  in  the 
p h y lo g e n e t ic  a n a l y s i s ) , and can t h e r e f o r e  be co n s id e red  to  
have th e  same p o l a r i t y :  th e  c o n d i t io n  in  n im rav id s  i s
h y p o th es iz ed  t o  be d e r iv e d  (see th e  argum ent in  t h e  
en to ty m pan ic  d i s c u s s i o n ) . The la c k  o f  s p e c i f i c  s i m i l a r i t y  
in  th e  a n g le  and s t r u c t u r e  c f  t h e  edge n e i t h e r  p re c lu d e s  
t h e  n im rav id  c o n d i t io n  from homology w ith  t h a t  of Na n d in ia  
and d a p h o en id s ,  nor does i t  p ro v id e  s p e c i f i c  ev id en ce  f o r  
such a homology.
9 .  The p re se n c e  of an o s s i f i e d  tu b e  (p a rs  o s s e a  
tu b ae  of Van d e r  Klaauw, 1931: 136) o r  t ro u g h  ( ro o fed  by
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sp heno id )  f o r  th e  c a n a l i s  m u sc u lo tu b a r iu s  i s  w idespread 
w i th in  t h e  C a rn iv o ra ,  and on ly  q u e s t io n a b ly  s c a t t e r e d  
th ro u g h o u t  o th e r  o r d e r s .  In  a number o f  c a s e s .  Van der 
Klaauw d e s c r ib e d  a tu b e  formed p a r t l y  by th e  s ty l i f o r m  
p r o c e s s ,  which does n o t  seem t o  me th e  same c o n d i t io n  a s  a 
f u l l y  o s s i f i e d ,  com ple te ly  w alled  tu b e  o r  t r o u g h .  The 
l a t t e r  c o n d i t io n  was d e sc r ib e d  f o r  c a r n iv o r a n s ,  f o r  
E le p h a s . and q u e s t io n a b ly  f o r  a few u n g u l a t e s .
Again.- t h e  d e f i n i t i o n  of Mt h e  same" c h a r a c t e r  s t a t e  
i s  no t w e l l  re s o lv e d  in  my e s t im a t i o n .  Almost a l l  o f  t h e  
C a rn iv o ra  have f u l l y  o s s i f i e d  and expanded (a lthou gh  no t 
n e c e s s a r i l y  v e n t r a l l y  i n f l a t e d )  b u l l a e ,  which a s  th e y  
expand a n t e r i o r l y  w i l l  come to  u n d e r l i e  th e  c a n a l i s  
m u s c u lo tu b a r iu s .  Complete o s s i f i c a t i o n  o f a b u l la  
r e g u i r e s  t h a t  th e  a u d i to r y  tu b e ,  m. t e n s o r  v e l i  p a l a t i n i ,  
and a s s o c i a t e d  s t r u c t u r e s  p ass  th ro ugh  some s o r t  o f  
a p e r t u r e  a t  t h e  a n t e r i o r  m argin o f  t h a t  b u l l a .  I t  i s  
i n t e r e s t i n g  to  me t h a t ,  a l th o u g h  th e  r o s t r a l  en to tym pan ic  
c a r t i l a g e  i s  c lo s e l y  a s s o c ia t e d  w ith  t h e  c a r t i l a g e  o f  t h e  
a u d i to r y  tu b e  d u r in g  developm ent, i t  a p p e a rs  t o  be 
u s u a l l y ,  i f  n o t  a lw ay s , th e  e c to ty m p a n ic  t h a t  i n  C a rn iv o ra  
form s th e  bony tro u g h  o r  tu b e  f o r  th e  c a n a l i s  
m u sc u lo tu b a r iu s .  So, a l th o u g h  fo rm a tio n  o f  a tu b e  might 
be a m echan ica l  outcome o f  how c a r n iv o ra n s  formed an 
o s s i f i e d  b u l l a ,  t h a t  th e  tu b e  i s  e c to ty m p a n ic  i s  s l i g h t l y  
s u r p r i s i n g  and a rg u e s  t h a t  th e  o sseo u s  tu b e  i s  a c h a r a c t e r
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d i s t i n c t  from th e  o s s i f i c a t i o n  o f  th e  b u l l a  i t s e l f .
A nother c o n s id e r a t io n  r e l e v a n t  t o  th e  d i s t i n c t n e s s  o f  
t h e  c h a r a c t e r  i s  th e  c o n d i t io n  o f  t h i s  tu b e  in  tax a  
r e t a i n i n g  c a r t i l a g i n o u s  e n tc ty m p a n ic s ,  e s p e c i a l l y  s in c e  
t h a t  i s  hy p o th es ized  t o  be th e  c o n d i t io n  o f  th e  v e n t r a l  
p a r t  o f  th e  en to ty m p an ics  in  t h e  n im ra v id s .  In N a n d in ia . 
t h e r e  i s  no fo rm atio n  o f  an o sseo u s  t u b e ,  n o r  does th e r e  
ap p ea r  t o  have been one in  Dapnoenus. ju d g in g  from th e  one 
c a s t  t h . i t  i s  a v a i l a b l e  t o  me. The c o n d i t io n  in  n im rav id s  
i s  bo th  d i f f e r e n t  and v a r i a b l e :  in  D i n i c t i s  and
H oplophoneus, t h e r e  i s  u s u a l ly  a bony e x te n s io n  (u s u a l ly  
e m a rg in a te  v e n t r a l l y )  and a p a r t i a l  t r o u g h ,  w alled 
p o s te ro ro e d ia l ly  a ls o  by th e  c u r le d  end o f  t h e  
e n to ty m p an ic .  (However, in  a t  l e a s t  one specimen o f  
D i n i c t i s ,  USNM 15889, th e  e c to ty m p an ic s  look com plete  bu t 
a r e  s h i e l d l i k e  with nc a n te ro m e d ia l  o sse o u s  tube  o r  even 
e x te n s io n ,  v e ry  much l i k e  th e  c o n d i t io n  in  N a n d in ia .)  In  
Nim ravus. co m p le te ,  o s s i f i e d ,  ec to ty m p an ic  t ro u g h s  extend 
f a r  a n te r o m e d ia l ly .
P e rh ap s  th e  p re sen c e  o f  some o s s i f i c a t i o n  of an 
en to tym pan ic  w a ll  i s  an developm ental in d u c e r  t h a t  
t r i g g e r s  th e  o s s i f i c a t i o n  o f  th e  tube  in  c a r n iv o r a n s ;  
f a c e t i n g  on t h e  b a s isp h e n o id  i n d i c a t e s  t h a t  the  
en to ty m pan ic  ex tended a l l  th e  way a n t e r i o r l y  in  n im ra v id s ,  
even in  th o s e  specim ens in  which p r e s e r v a t io n  has n o t  been 
c o m p le te .  However, N andin ia  has an o s s i f i e d  r o s t r a l
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en to ty m p an ic  so  th e  form o f  th e  o s s i f i c a t i o n  must be 
s i g n i f i c a n t  a s  w e l l .
A p o s s ib l e  h y p o th e s is  i s  t h a t  i t  i s  s p e c i f i c a l l y  an 
o s s i f i e d  c au d a l  en to tym pan ic  form ing a w all m ed ia lly  t h a t  
t r i g g e r s  development o f an osseous  t u b e .  T h is  i s  
su g g e s te d  by my o b s e rv a t io n  t h a t  in  modern c a rn iv o ra n  
b u l l a e  t h e  cau d a l en to tym pan ic  form s th e  ar.t e re  v e n t r a l  cup 
o f  th e  b u l l a ,  and hence th e  m edial w a l l  o f  t h e  p a rs  o ssea  
tu b a e ,  and t h a t  th e  r o s t r a l  en to tym pan ic  i s  r a th e r  
r e s t r i c t e d  to  th e  m edial s i d e  o f  th e  b u l l a ,  and u s u a l ly  
d o r s a l l y  p la c e d .  In o n e , f u l l y  a d u l t  specimen of Vi v e r r a . 
(AMNH CA 91) a d i s t i n c t  r o s t r a l  en to ty m pan ic  i s  v i s i b l e  
d o r s a l l y  and c l e a r l y  no t  inv o lved  in  th e  a n t e r i o r  w a ll  o f  
t h e  b u l l a  p r o p e r .  The topo logy  o f  t h i s  r e g io n  i s  v e ry  
s i m i l a r  among a g r e a t  d i v e r s i t y  o f  c a r n iv o r a n s ,  and i f  t h e  
e x te n s iv e  c o - o s s i f i c a t i o n  between e c t o -  and en to tym panics  
in  most c a rn iv o ra n s  i s  c o n s id e re d  (as w ell  a s  th e  com plete  
v e n t r a l  o s s i f i c a t i o n  in  most c a r n iv o r a n s ,  o f  c o u r s e ) ,  i t  
w i l l  be r e a l i z e d  t h a t  t h e  shape and r e l a t i o n s h i p s  o f  th e  
en to ty m pan ic  and ec to tym p an ic  i n  th e  a n t e r i o r  p o r t io n  
s p e c i f i c a l l y  o f  th e  n im rav id  e a r  i s  n o t  p a r t i c u l a r l y  
u n u s u a l .  I t  i s  th e  l a c k  of c o - o s s i f i c a t i o n  among e le m e n ts  
and in co m p le te  o s s i f i c a t i o n  of t h e  en to ty m pan ics  v e n t r a l l y  
t h a t  a r e  u n u su a l .
The p receed in g  argum ents and o b s e r v a t io n s  a re  a ls o  
a d d i t i o n a l ,  a l th o u g h  very i n d i r e c t ,  ev id e n ce  t h a t  th e
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c a r t i l a g i n o u s  en to tym pan ic  c o n d i t io n  in  n im rav id s  i s  
ind ep en d en t from t h a t  in  N and in ia  arid d ap ho en id s ,  s in c e  
t h e  d e t a i l s  o f  th e  anatomy a re  d i f f e r e n t  and some a s p e c t s  
o f  th e  n im rav id s  ( th e  o s s i f i e d  tu b e )  a r e  more l i k e  th e  
s t a t e s  seen  in  o th e r  C a rn iv o ra .  F u r th e rm o re ,  t o  r e i t e r a t e  
one p o i n t ,  i f  my su g g e s t io n  o f  in d u c t io n  i s  c o r r e c t ,  i t  
would r e q u i r e  t h a t  t h e  en to tym pan ic  o s s i f i e d  in  n im rav id s  
be s p e c i f i c a l l y  a c a u d a l  e n to ty m p an ic .
Among C a rn iv o ra ,  a c c o rd in g  t o  Van d e r  Klaauw (1931), 
m u s t e l i d s ,  u r s i d s ,  and p ro cy o n id s  have tubes- com plete ly  
su rroun ded  by e c to ty m p a n ic ,  whereas t h e  t ro u g h s  i n  c a n id s ,  
v i v e r r i d s  ( in c lu d in g  h e r p e s t i d s ? ) , h y a e n id s ,  and f e l i d s  
a r e  a l l  roo fed  by a l i s p h e n o id ,  a s  i s  th e  c a n a l  in  
n im ra v id s .  Based on m erely t r a n s f o r m a t i o n i s t  argum ents 
(see  methods s e c t i o n ) , i f  th e  p re sen c e  o f  a tube  i s  
d e r iv e d  fo r  C a rn iv o ra  (as a p p e a rs  t o  be th e  case  on the  
b a s i s  o f  d i s t r i b u t i o n ) ,  th en  th e  more com plete  tu b e  would 
be most d e r iv e d ,  e x c lu d in g  n im rav id s  from membership 
w i th in  t h e  A rc to id ea  (but n e t  a s  a s i s t e r  group t o  th a t  
g ro u p , o f  c o u r s e ) .
10 . Van der Klaauw (1931: 133-136) documented a wide 
o c c u r re n c e  of a s t y l i f o r m  p r o c e s s ,  p o in t in g  c u t  t h a t  i t  
may be formed from e c to ty m p a n ic ,  e n to ty m p an ic ,  or p e t r o s a l  
b o n e s .  In  my i n v e s t i g a t i o n ,  I  have found i t s  p re sen c e  and 
d e g re e  o f  development v a r i a b l e  w i th in  t a x a ,  and i t s  
i d e n t i f i c a t i o n  by o th e r  workers u n r e l i a b l e  ( e . g . ,  I
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b e l i e v e  th e  a n te ro m e d ia l  p ro c e s s  of t h e  b u l l a  has been 
c o n s i s t e n t l y  m i s id e n t i f i e d  a s  a s ty l i f o r m  p r o c e s s ,  
e s p e c i a l l y  in  F e l j s — se e  G lo s s a r y ) .  T h e re fo re ,  I  co nc lude  
t h a t  t h e  d e f i n i t i o n  o f  th e  s t a t e s  o f  t h i s  f e a t u r e  i s  
nowhere n e a r  c o m p le te ,  and from th e  s o r t s  o f  v a r i a t i o n  
s e e n ,  i t  might n o t  be  p a r t i c u l a r l y  in f o rm a t iv e  were th e  
e f f o r t  made. I  s e e  no way c f  judg ing  p o l a r i t y  when th e  
s t a t e s  a r e  n o t  a d e q u a te ly  d e f i n e d ,  s in c e  some s o r t  c f  
p ro c e s s  i s  w idespread  b u t  a p p a re n t  absence  i s  no t 
o b v io u s ly  p r im i t iv e  in  t h i s  c a s e .
11 . P re sen ce  o r  absence  o f  a septum b u l l a e  in  
n im ra v id s  has  been a s u b je c t  o f d isag reem en t f o r  t h e  l a s t  
c e n tu r y .  The b e l i e f  has  a p p a r e n t ly  been s t r o n g  t h a t  a 
septum b u l l a e  should be p r e s e n t ,  because  t h e  n im rav ids  
were c o n s id e re d  to  be  o b v io u s ly  c a t s .  Although he had 
been u n a b le  t o  f in d  a septum in  h i s  e a r l i e r  s tu d i e s  
(1 880a), Cope (1882) l a t e r  im p lied  by h i s  key t h a t  the  
Nim ravidae had a septum b u l l a e  (even w h ile  i n d i c a t i n g  th e  
b e l i e f  p r e v a le n t  a t  t h a t  t im e  t h a t  Hyaenidae d id  n o t ) .  
S c o t t  (1889) th o u g h t  t h a t  a com ple te  septum was p r e s e n t .  
Van d e r  Klaauw (1931: 317) m i s id e n t i f i e d  an ec to tym pan ic  
in  Nimravus a s  a sep tum , p e rh a p s  a septum b u l l a e .  Hcugh 
(1953) p re s e n te d  th e  o p p o s i te  s i t u a t i o n  from t h a t  o f  Cope: 
she  i d e n t i f i e d  a low broken r i d g e  i n  a specimen o f  
D i n i c t i s  cv c lo ps  a s  b e in g  th e  rem nant o f  a septum b u l la e  
(p .  1 0 6 ) ,  bu t co n c lu d es  seven pages l a t e r  t h a t  th e  b u l la e
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o f  O ligo cene  f e l i d s  were " s im p le  and w ith o u t  a septum" (p . 
1 0 3 ) .  B runet (1967: 9) d e s c r ib e d  a septum in  D in ic t i s  a s  
b e in g  in  an i d e n t i c a l  p o s i t i o n  t o  t h a t  o f  C a n is . (He 
c a l l e d  th e  septum in  th e  l a t t e r  a "septum b u l l a e "  a s  w e l l ,  
even though r e c o g n iz in g  i t  i s  u n i la m in a r ,  so  e v id e n tly -  he 
d id  n o t  mean by th e  term  t h e  very  s p e c i f i c  s t r u c t u r e
in te n d e d  by Winge (1896), Van d e r  Klaauw (1 9 3 1 ) ,  and Hunt
(197Ua), f o r  exam ple .)  C lark  and Guensburg (1972)
r e p o r te d  th e  a n t e r i o r  p a r t  c f  a septum b u l l a e  ( t h e i r  term)
in  bo th  Hoplophoneus and D i n i c t i s , and a rgue  t h a t  "S ince  
t h e  septum b u l l a e  l i e s  a t  t h e  ju n c tu r e  c f  th e  en to tym pan ic  
w ith  th e  tym panic  p ro p e r ,  t h e s e  specim ens prove  t h a t  both 
e le m e n ts  were developed and o s s i f i e d  in  t h e  O ligocene  
f e l i d s . "
As d e s c r ib e d  above, I  can f in d  no ev id e n ce  in  
n im ra v id s ,  e i t h e r  d i r e c t  o r  i n d i r e c t ,  o f  a com plete  
sep tum , much l e s s  a t r u e  septum b u l l a e .  The ec to ty m p an ic  
e x h i b i t s  a f in i s h e d  edge v e n t r a l l y ,  and was t h e r e f o r e  no t 
cu rved  o v e r  t o  form a d o r s a l l y  d i r e c t e d  p a r t i t i o n .  The 
re c u rv e d  a n t e r i o r  en to tym pan ic  i s  m erely  form ing t h e  
a n t e r i o r  w a ll  of th e  tym panic  c a v i t y ,  s e p a r a t in g  i t  from 
t h e  c a n a l i s  m u s c u lo tu b a r iu s ,  much a s  one s e e s  in  a 
c o m p le te ly  c o - o s s i f i e d  form in  many a r c t o i d s . T h is  
a n t e r i o r  w all of en to tym p an ic  a l s o  d i s p l a y s  in  a few 
specim ens a sm ooth, unbroken edge i n d i c a t i n g  t h a t  t h e  
p o r t io n  o f  en to tym pan ic  p re s e rv e d  i s  c o m p le te ,  so i t  was
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n o t  n e a r ly  a s  e x te n s iv e ,  nor in  th e  same p o s i t i o n ,  a s  even 
th e  septum in  Canis l a t r a n s . f o r  exam ple. I  have examined 
most o f  th e  specim ens r e p o r te d  on by Hough (1353) and 
C la rk  and Guensburg (1972) and see  only  t h i s  a n t e r i o r  edge 
o f en to tym pan ic  i f  a n y th in g .  T h e re fo re  I  conclude  th a t  
t h e r e  was no septum a t  a l l  in  th e  n im rav id  b u l l a ,  and 
c e r t a i n l y  no t a septum b u l la e  p ro p e r .
Hough (1953: 106) a l s o  c i t e d  some i n d i r e c t  e v id en ce  
in  D i n i c t i s  a rg u in g  f o r  t h e  p resen ce  o f  a septum a c ro s s  
t h e  b u l l a .  However, in  c o n t r a s t  to  Hough's o b s e r v a t io n s ,
I  can f in d  no grooving  o r  f l a t t e n i n g  on t h e  promontcrium 
in  any n im rav id  t h a t  would c l e a r l y  i n d i c a t e  a complete 
septum . T h is ,  however, i s  not d e c i s i v e ,  because  n e i t h e r  
f e l i d s  nor v i v e r r i d s  in v a r i a b ly  have t r a c e s  on t h e i r  
p rom ontoria  i n d i c a t i n g  th e  septum t h a t  i s  p r e s e n t  i n  th o se  
t a x a .  The septum b u l l a e ,  when p r e s e n t ,  r e p r e s e n t s  
u p tu rn ed  edges o f  bo th  e c t o -  and e n to ty m p a n ic ,  and thus i s  
c o n t in u o u s  v e n t r a l l y  with th e  b u l l a  i t s e l f  (see  F ig u re  
4 7 ) ,  bu t d o r s a l ly  does n o t  t y p i c a l l y  c o n ta c t  th e  
promontorium in  f e l i d s ,  and n o t  always in  v i v e r r i d s .  
I n s t e a d ,  a t  l e a s t  in  f e l i d s ,  a passage  rem a in s ,  which may 
va ry  from a low a p e r tu r e  t o  a ve ry  narrow s l i t ,  between 
th e  c u r le d  edge o f  t h e  septum and an i n d i s t i n c t  f a c e t  on 
th e  v e n tr a l -m o s t  s u r f a c e  o f  t h e  prom ontorium ; a c r o s s  t h i s  
s l i t  may run  c o n n e c t iv e  t i s s u e  o r  f a s c i a  o f  some s o r t .  
(Some f i b e r s ,  fo r  exam ple, a r e  s t i l l  v i s i b l e  in  th e  l e f t
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e a r  o f  th e  F e l i s  c a t u s ,  th e  o th e r  s i d e  o f which was 
i l l u s t r a t e d  in  F ig u re  43 , AMNH AINS-589.) Based, 
t h e r e f o r e ,  on th e  c o n d i t i o n s  seen  i n  modern a e l u r o i d s ,  th e  
absence  o f  a f a c e t  on th e  v e n t r a l  s u r f a c e  i s  u n in fo rm a tiv e  
about th e  p resence  o r  absence  o f  a septum .
Hunt (1974a) e s t a b l i s h e d  th e  n a tu r e  and d i s t r i b u t i o n  
o f  t h e  m ajor ty p e s  o f  s e p ta  w i th in  th e  C a rn iv o ra .  That o f  
t h e  F e lo id e a ,  excep t f o r  K yaenidae, i s  t h i s  b i la m in a r  
septum b u l l a e ,  produced by th e  u p tu rn ed  m arg ins from th e  
v e n t r a l  edges o f  th e  e c t o -  and cau da l en to tym pan ic  (A in  
F ig u re  4 8 ) .  T hat o f  th e  Hyaenidae was co n s id e re d  by Hunt 
(1974a) t o  be p rob ab ly  u n i la ra in a r  and ec to tym p an ic  (B in  
F ig u re  48) i b u t  t h i s  has n o t  been w e l l  dem onstra ted  y e t .  
F i n a l l y ,  th e  p a r t i a l  septum in  Canidae i s  e n to ty m p an ic ,  
b u t  i s  from t h e  d o r s a l  (and a n t e r i o r )  edge o f  th e  cau d a l  
e n to ty m p an ic ,  a c c o rd in g  to  Hunt (1974a: 3 8 ) ,  r a t h e r  than  
froni th e  v e n t r a l  edge a s  was th e  cau d a l  en to tym pan ic  
c o n t r i b u t i o n  t o  th e  septum b u l l a e .  Here i s  a good example 
o f  s t r o n g  ev idence  a t  t h e  l e v e l  o f  c h a r a c t e r  a n a l y s i s  t h a t  
two f e a t u r e s  t h a t  m ight be c o n s id e re d  th e  same—th e  cau d a l 
en to tym p an ic  septum in  c a n id s  and th e  cauda l en to tym pan ic  
c o n t r i b u t i o n  t o  th e  septum b u l l a e  in  most f e l o i d s — a re  
a c t u a l l y  d i f f e r e n t  s t a t e s ,  s i n c e  they  a r e  fund am en ta lly  
d i f f e r e n t  in  t h e i r  o r i g i n s  i f  H u n t 's  a n a l y s i s  i s  c o r r e c t .
T h is  c h a r a c t e r ,  th e n ,  shows s e v e r a l  d e f in a b le  s t a t e s  
f o r  which we can now c o n s id e r  c o n s t r u c t io n  o f  a c h a r a c t e r
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s t a t e  t r e e .  The septum b u l la e  has n o t  been found o u t s id e  
t h e  C a rn iv o ra ,  and i s  t h e r e f o r e  c o n s id e re d  h e re  a d e riv ed
f e a t u r e  w i th in  th e  o r d e r .  A v a r i e t y  o f  c r i s t a e  and
p a r t i a l  s e p t a ,  u s u a l ly  q u i t e  v a r i a b l e ,  o ccu r  in  t h e
en to tym pan ic  p o r t io n  o f  some a r c t o i d  C a rn iv o ra ,  and in  th e
b u l l a  o f  a v a r i e t y  o f  o th e r  e u t h e r i a n s ;  i t  i s  t h e r e f o r e  
n o t  c l e a r  from d i s t r i b u t i o n a l  in fo rm a tio n  whether th e  mere 
p re s e n s e  o f  such c r i s t a e  i s  p r im i t iv e  o r  d e r iv e d .  I  
s u s p e c t  t h e r e  a r e  s e v e r a l  c h a r a c t e r  s t a t e s  s t i l l  t o  be 
d i s t i n g u i s h e d .  I n  c o n t r a s t  t o  th e s e  v a r i a b l e  s e p t a ,  th e  
s t r u c t u r e  o f  th e  p a r t i a l  septum in  th e  C anidae i s  
rem arkab ly  c o n s i s t e n t ,  and th e  method o f  developm ent i s  
n o t  y e t  documented e ls e w h e re  to  my know ledge. I  t h e r e f o r e  
conc lude  t h a t  i t  too  i s  a d e r iv e d  f e a t u r e  (and d e r iv e d  
in d e p e n d e n t ly  of th e  en to tym pan ic  c o n t r i b u t i o n  t o  t h e  
septum b u l l a e ,  a s  d is c u s se d  in  th e  p re v io u s  p a ra g ra p h ) .  
T h is  c o n c lu s io n  i s  i n  c o n t r a s t  t o  S c o t t ' s  (1889: 234) 
d e s c r i p t i o n  o f  th e  " p r i m i t i v e  c a rn iv o ro u s  s k u l l "  in  which 
a septum l i k e  t h a t  o f  C anis  o r  even one more com plete  was 
p r e s e n t .  T h is  i s  a c o n c lu s io n  p r e d i c a t e d ,  o f  c o u r s e ,  on a 
f a i l u r e  t o  d i s t i n g u i s h  among th e  d i f f e r e n t  k in d s  o f  sep ta  
p r e s e n t  i n  th e  c a rn iv o ro u s  b u l l a .
The q u e s t io n  now rem ains o f th e  r e l a t i o n s h i p  o f  th e  
hyaen id  septum t o  t h e  o th e r  c a rn iv o ra n  s e p t a .  I t  i s  
im p o r ta n t  t o  em phasize t h a t  t h e  b a s ic  c h a r a c t e r  s t a t e  has 
n o t  been well d e m o n s tra te d :  Hunt (1974a: 42 and 43)
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e x p re sse d  c o n s id e r a b le  u n c e r t a i n t y  ab o u t t h e  com position  
o f  th e  hyaen id  b u l l a .  There app ea r  t o  me t o  be t h r e e  
p o s s i b l i t i e s  f o r  th e  r e l a t i o n s h i p  o f  t h e  hyaen id  c o n d i t io n  
to  th e  o th e r s  i f  i t  i s  ta k e n  t o  be a u n i la m in a r ,  
e c to ty m p an ic  septum : such a septum co u ld  be an
ind ep en d en t d e r i v a t i o n  (A in  F ig u re  4 9 ) ,  i t  could be a 
m o d if ic a t io n  o f  th e  septum b u l l a e  by l o s s  o f  th e  
en to tym pan ic  c o n t r i b u t i o n  t c  th e  septum (B in  F ig u re  4 9 ) .  
o r  i t  cou ld  be a more g e n e ra l  f e a t u r e  which in c lu d e s  th e  
septum b u l l a e  a p a r t i c u l a r  m o d if ic a t io n  v ia  th e  
a d d i t i o n  o f t h e  en to tym p an ic  l a y e r  to  th e  septum (C in  
F ig u re  4 9 ) .
At t h i s  p o i n t ,  t h e  b e s t  ch o ic e  among t h e s e  t h r e e  i s  
n o t  o b v io u s .  T rees B o r  C a r e  pe rhaps  p r e f e r a b l e  t o  A 
because  we have no e v id e n c e  s u g g e s t in g  t h a t  the 
ec to ty m p a n ic  hyaenid  septum i s  i n  any way d i f f e r e n t  from 
th e  e c to ty m p an ic  p o r t io n  o f  th e  septum b u l l a e .  Comparison 
o f th e  diagram  o f  th e  d ev e lo p in g  hyaenid  b u l l a  (B in  
F ig u re  48) .with th e  b u l l a  o f  a f e l i d ,  h e r p e s t i d ,  o r  
v i v e r r i d  {A in  F ig u re  48) s u g g e s t s  t h a t  d i f f e r e n c e s  in  
p o s i t i o n  and r e l a t i o n s h i p  w ith  a d ja c e n t  e le m e n ts  a r e  due 
to  d i f f e r e n t  r e l a t i v e  amounts o f i n f l a t i o n  o f  th e  e c t o -  
and en to tym pan ic  p o r t i o n s .  Pocock (1916b) p o in ted  o u t  th e  
c o n s i s te n c y  i n  s e v e r a l  ve ry  s i g n i f i c a n t  r e l a t i o n s h i p s :  
th e  hyaen id  septum e x te n d s  from th e  m ed ia l p o r t io n  c f  th e  
m a s to id ,  j u s t  as does th e  septum b u l l a e ,  and th e  " d o r s a l
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edge” o f  th e  septum, t h a t  n e a r e s t  th e  p e t r o s a l ,  l e a v e s  a 
gap n e a r  th e  a p e r t u r e  of t h e  c o c h le a r  f o s s u l a .  T h e re fo re ,  
u n t i l  we have some e v id e n c e  t o  t h e  c o n t r a r y ,  i t  seems 
s im p le s t  to  c o n s id e r  th e  ec to tym pan ic  s e p ta  in  hyaenids 
t h e  homologue of th e  ec to tym pan ic  p o r t io n  o f  th e  septum 
b u l l a e .
T h is  c o n c lu s io n  r e q u i r e s ,  however, t h a t  th e  septum 
b u l l a e  be a c t u a l l y  a compound f e a t u r e ,  in  t h e  s e n se  th a t  
i t s  d e r i v a t i o n  from a s t a t e  o f  no septum i s  a two s t e p  
change i f  we a r e  c o u n t in g  e v e n ts  cn an e v o lu t io n a r y  t r e e ,  
and th u s  t r e e  C i s  t h e  s h o r t e s t  o f  th e  t h r e e  and t h e  most 
p a rs im o n io u s  h y p o th e s is  from c h a r a c te r  a n a l y s i s .  I  would 
a rg u e ,  however, t h a t  no t o n ly  do we need to  e s t a b l i s h  th e  
c h a r a c t e r  s t a t e  in  h y a en id s  more c l e a r l y  b e fo re  p u t t in g  
much weight on th e s e  c o n c lu s io n s ,  bu t  d e t a i l s  o f  t h e  
developm ent o f  th e  septum b u l la e  i t s e l f  cou ld  p ro v id e  some 
u s e f u l  e v id e n ce  abou t th e  t r u e  com plex ity  o f  th e  f e a t u r e .  
(For exam ple, does t h e  ec to tym pan ic  in  th e  young o f  an 
anim ai t y p i c a l l y  p o s s e s s in g  a septum b u l l a e  s t i l l  
in d e p e n d en tly  form a septum i f  th e  en to tym pan ic  i s  removed 
o r  i s  an i n t e r a c t i o n  between th e  two e le m e n ts  re q u ire d ? )
The im p l i c a t io n s  o f  t h i s  c h a r a c t e r  a re  im p o r ta n t :  
t h e  septum b u l la e  i s  a v e ry  c o n s i s t e n t  c h a r a c t e r  u n i t i n g  
th r e e  of th e  fo u r  f a m i l i e s  in  t h e  F e lo id e a ,  and a com plete  
septum o f  a t  l e a s t  e c to ty m p an ic  c h a r a c t e r i z e s  th e  F e lo id e a  
a s  a whole. T h is  septum i s  a ve ry  c o n s i s t e n t  f e a t u r e .
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e i t h e r  reduced  o r  a b se n t  in  on ly  cne s p e c i e s  (N a n d in ia ) , 
and c l e a r l y  a b s e n t  in  a l l  N im ravidae , th u s  e x c lu d in g  th e  
N im ravidae from c lo s e  p h y lo g e n e t ic  r e l a t i o n s h i p s  w ith  any 
group w i th in  th e  F e lo id e a .
1 2 . Hough (1952: 97) argued  f o r c e f u l l y  t h a t  t h e  
broken fragm en ts  o f  b u l la  and t h e  im p re s s io n s  on t h e  bones 
a d ja c e n t  t o  t h e  n im rav id  e a r  were e v id e n ce  t h a t  th e  
n im rav id  a u d i to r y  b u l l a  was o r i g i n a l l y  ’’com ple te , f u l l y  
o s s i f i e d  and s i m i l a r  in  shape and s i z e  t o  t h a t  o f  t h e  
C a n id a e" .  She rea so n ed  t h a t  th e  s ing le-cham bered  
c a n i d - l i k e  b u l l a  was f r a g i l e  and e a s i l y  b roken , and 
t h e r e f o r e  r a r e l y  i f  e v e r  p re s e rv e d  i n t a c t .  E a r l i e r  
a u th o r s  had a p p a r e n t ly  sim ply  assumed an o s s i f i e d  b u l la  
was p r e s e n t  ( e .g .  Adams, 1896: 421: ’’t h e  b u l la e  a r e
seldom p re s e rv e d ”) , w h ile  su b seq u en t a u th o r s  u s u a l ly  
fo llow ed  argum ents s i m i l a r  to  Hough’s  ( e .g .  E ru n e t ,  1967: 
9; Hunt, 1974b: 1039)-.
One e x c e p t io n  t o  t h i s  a lm o s t u n i v e r s a l  op in ion  was 
M a r t in ’s  (1980: 152) o b s e rv a t io n  t h a t  in  n im rav id s  " the  
b u l l a e  were in co m p le te  w ith  a l a r g e  en to ty m pan ic  and a 
sm a ll  e c to ty m p a n ic " ,  and t h a t  " th e  v e n t r a l  w all o f  th e  
b u l l a  was c a r t i l a g i n o u s " .  M a r t in ,  however, p re se n te d  no 
ev id e n ce  f o r  h i s  d iv e rg e n t  o p in io n ,  n o r  f o r  h is  a s s e r t i o n  
t h a t  c a r t i l a g e  had been p r e s e n t ,  which o f  c o u rse  co u ld  n o t  
be d i r e c t  o b s e r v a t io n .
My o b s e r v a t io n s  p ro v id e ,  t o  my knowledge, th e  f i r s t
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d i r e c t  ev id e n ce  s u p p o r t in g  M a r t in 's  o p in io n  t h a t  t h e  
b u l l a e  were in c o m p le te ,  bu t o f f e r  o n ly  c i r c u m s t a n t i a l  
( i . e .  h ig h ly  i n t e r p r e t e d )  e v id en ce  abou t th e  n a tu r e  of th e  
tym panic f l o o r —membrane o r  c a r t i l a g e .  I n  a w e ll  
p re s e rv e d  specimen o f  D in ic t i s ,  th e  sm ooth , f i n i s h e d ,  
unbroken v e n t r a l  m arg ins o f  t h e  b i l a t e r a l l y  sym m etrica l 
en to tym pan ics  d e m o n s tra te  t h a t  th e  l a t t e r  a r e  in deed  
e n t i r e  v e n t r a l l y  a s  p re s e rv e d .  T h is  c o n c lu s io n  i s  
c o r ro b o r a te d ,  o f  c o u r s e ,  by th e  f i n i s h e d  v e n t r a l  m argins 
on s e v e r a l  e c to ty m p a n ic s .  I n d i r e c t  e v id e n c e  p re c lu d e s  th e  
l i k e l ih o o d  of a s e p a r a t e  v e n t r a l  bony e lem en t  jo in e d  by 
c a r t i l a g e  o r  membrane to  th o se  e le m e n ts  p re s e rv e d :  not
only  dc we la c k  any e v id en ce  f o r  such an e le m e n t ,  bu t 
s e v e r a l  specim ens p rep a red  fo r  t h i s  s tu d y  have e a r  o s s id e s  
o r  hyoid e lem en ts  p re s e rv e d  and y e t  no t r a c e  c f  any bony 
f l o o r in g  e le m e n t .  I  conclude t h a t  th e  en to ty m pan ic  in 
n im rav id s  (exc lud ing  B a r b o u ro fe l i s ) were o s s i f i e d  a s  
o b se rv e d ,  in  a broad c r e s c e n t  on th e  m e d ia l ,  p o s t e r i o r  
and , t o  some d e g re e ,  p o s t e r o l a t e r a l  m arg ins  c f  th e  e a r  
r e g io n ,  and extended  on ly  a s h o r t  d i s t a n c e  v e n t r a l l y  
beyond th e  m argins o f  t h e  e a r ;  t h e  tym panic  c a p su le  was 
f lo o r e d  by e i t h e r -  f ib r o u s  membrane or c a r t i l a g e .
Of c o u r s e ,  only  i n d i r e c t  e v id en ce  rem a in s  to  i n d i c a t e  
w hether membrane o r  c a r t i l a g e  formed th e  f l o o r  o f  th e  
tym panic c a v i t y .  The f l a t ,  m e d ia l ly  f a c in g  edge on the 
ec to ty m p an ic  i s  s e v e r a l  m i l l im e te r s  w ide , and i n  some
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i n d iv i d u a l s  smooth b u t  g e n t ly  pocked a s  i f  a th ic k  
c a r t i l a g e  i n s e r t e d  on i t s  f a c e ,  w hile  in  o th e r s  i t  has a 
s u lc u s  th roug h  th e  c e n t e r  o f  t h e  edge, much l i k e  t h a t  o f  
N a n d in ia . a l th o u g h  g e n e r a l l y  sh a l lo w e r  and more v e n t r a l l y  
d i r e c t e d .  The f i n i s h e d  v e n t r a l  edges of th e  en to tym pan ic  
in  D i n i c t i s  a r e  th e  f u l l  t h i c k n e s s  of th e  bone ( i . e .  they  
do no t t a p e r  t o  a t h i n  edge) and a re  g e n t ly  s u l c a t e  (see 
F ig u re  2 8 ) .  I  th in k  t h a t  th e  n a tu r e  o f  th e s e  
m arg in s— both e c t o -  and e n to ty m p an ic—i n d i c a t e  c a r t i l a g e  
r a t h e r  th an  membrane, b u t  th e  ev id en ce  i s  f a r  from 
c o n c lu s iv e .
N andin ia  i s  th e  o n ly  l i v i n g  c a m iv o ra n  known t o  have 
t y p i c a l l y  a p a r t l y  u n o s s i f i e d  and t h e r e f o r e  p a r t l y  
c a r t i l a g i n o u s  en to ty m pan ic  p o r t io n  of th e  b u l l a .  U nlike 
t h e  n im rav id  e n to ty m p a n ic ,  th e  o s s i f i c a t i o n s  in  t h i s  p a r t  
o f  N andinia »s b u l la  a r e  i d e n t i f i a b l e  a s  a r o s t r a l  
en to ty m p an ic— a f u l l y  o s s i f i e d  wedge of bone around th e  
i n t e r n a l  c a r o t id  fo ram en , d o r s a l  to  t h e  a n te ro m e d ia l  
p o r t io n  c f  th e  b u l l a —and sometimes i r r e g u l a r  p a tc h e s  o f  
bone i n  t h e  v e n t r a l  f l o o r  o f  th e  c a r t i l a g e  t h a t  Hunt 
(197tta) i n t e r p r e t e d  a s  m u l t i p le  o s s i f i c a t i o n  c e n t e r s  
w i th in  th e  c a u d a l  e n to ty m p an ic .  Very d i f f e r e n t  from 
N a n d in ia . th e  o s s i f i c a t i o n  of t h e  n im rav id  en to tym panic  
i s  much more d o r s a l ,  o v e r la p p in g  th e  promontorium l i k e  t h e  
d o r s a l  edge of any c a rn iv o ra n  e n tc ty m p a n ic ,  ex te n d in g  
around th e  p o s t e r i o r  m arg in , and n e i t h e r  o b v io u s ly
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a s s o c i a t e d  w ith  th e  i n t e r n a l  c a r o t i d  foramen nor ap p ea rin g  
to  be i r r e g u l a r  p a tc h e s  of o s s i f i c a t i o n  w i th in  a 
c a r t i l a g e .  Thus t h e r e  i s  no p a r t i c u l a r  s i m i l a r i t y  between 
t h e  p a r t l y  c a r t i l a g i n o u s  b u l l a  o f  N andin ia  and th e  
( p u t a t iv e ly )  p a r t l y  c a r t i l a g i n o u s  b u l l a  o f n im rav id s  
beyond th e  mere p re sen c e  o f  c a r t i l a g e .
The number o f  e lem en ts  in  n im ra v id s  i s  no t a l t o g e t h e r  
c l e a r .  The main en to tym pan ic  d e s c r ib e d  above i s  seldom 
com plete  a n t e r i o r l y ,  bu t  in  th e  two D i n i c t i s  in  which i t  
c u r l s  around t o  cup t h e  a n te ro m e d ia l  c o rn e r  of th e  b u l l a ,  
t h e  bone i s  porous and t h e r e  i s  some i n d i c a t i o n  t h a t  a 
second o s s i f i c a t i o n  c e n te r  was p r e s e n t .  In  F igure  30 , th e  
two p o r t i o n s  have been i n d i c a t e d .  I  am r e l u c t a n t ,  
however, to  i d e n t i f y  th e  a n t e r i o r  p ie c e  a s  a r o s t r a l  
e n to tym pan ic  because  i t  i s  too  f a r  v e n t r a l ,  i t  i s  n o t  
p a r t i c u l a r l y  a s s o c i a t e d  w ith  th e  i n t e r n a l  c a r o t i d  foram en, 
and I  am n o t  s u r e  w hether i t  i s  r e a l l y  a d i s t i n c t  e lem ent 
o r  m erely  th e  r e s u l t  c f  b reakage  or in co m p le te  
p r e s e r v a t i o n .  I t  i s  not ve ry  c o n s i s t e n t  in  shape between 
t h e  two specim ens (ftMNH 6937 and F:AM 104823), and i s  n o t  
e v id e n t  a t  a l l  i n  t h e  ju v e n i le  Nimravus (F:AM 99259) (but 
much of t h e  r e s t  o f  t h e  en to tym pan ic  i s  m iss in g  in  th e  
l a t t e r ) • In  sum, based on p r e s e n t  e v id e n c e ,  I  am n e t  
w i l l i n g  t o  h y p o th e s iz e  th e  p re sen c e  o f  a r o s t r a l  
en to ty m pan ic  i n  n im ra v id s .
The homology of th e  main p a r t  o f th e  o s s i f i e d
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en to tym pan ic  i s  a n o th e r  major q u e s t io n  r e l a t e d  to  th e  
e a r l i e r  d i s c u s s io n  o f  t h e  p a t t e r n  o f  o s s i f i c a t i o n  in  
N an d in ia .  Not o n ly  does t h e  p a t t e r n  o f  o s s i f i c a t i o n  and 
th e  shape  o f  th e  r e s u l t i n g  en to tym panic  n o t  resem ble 
e i t h e r  Nandi n i a o r  any known o n to g e n e t ic  s t a g e  of 
c a rn iv o ra n s  w ith  f u l l y  o s s i f i e d  b u l la e  a s  a d u l t s ,  b u t  th e  
n a tu r e  o f  t h e  bone i t s e l f  i s  n o t  known e lsew h e re  among th e  
C a rn iv o ra .  The n im ravid  en to tym pan ic  e x h i b i t s  a 
d i s t i n c t i v e  sandwich c o n s t r u c t i o n ,  w ith  a v e ry  t h i n  la y e r  
o f  bone on e i t h e r  s i d e  o f  a r a t h e r  t h i c k  sp ace  s p a r s e ly  
f i l l e d  w ith  open , c a n c e l lo u s  bone (see  F ig u re  2 8 ) .  In  
s h o r t ,  t h e  on ly  two s i m i l a r i t i e s  I  can f in d  between the  
n im ravid  en to tym pan ic  and t h a t  o f  o th e r  c a rn iv o ra n s  a re  
sim ply t h e  f a c t  t h a t  i t  i s  bone, and i t s  r e l a t i o n s h i p  
d o r s a l ly  w ith th e  promontorium ( th e  en to tym pan ic  
c o n t r i b u t e s  t o  th e  ro o f  o f the  a u d i to r y  r e g io n  in  a 
t y p i c a l  f a s h io n  f o r  c a r n i v o r a n s ) . The f i r s t  i s  n o t  a very  
s p e c i f i c  s i m i l a r i t y ,  and th e  second i s  a l s o  a 
d i s s i m i l a r i t y  in  th e  se n se  t h a t  th e  e n t i r e  n im rav id  
en to tym pan ic  i s  s i m i l a r  on ly  t o  a s p e c i f i c  p o r t io n  c f  th e  
en to tym pan ic  o f  o th e r  c a r n iv o r a n s ,  one t h a t  i s  never found 
e lsew h ere  in d e p e n d e n t ly .  T h e re fo re ,  I  conclude  t h a t  th e  
n im rav id  ' 'en to tym pan ic” i s  not t h e  same bony e lem en t—i s  
n o t  homologous t o —t h e  en to tym panic  o f  o th e r  c a r n iv o r a n s .
T h is  i s  a l l  p a r t  of a l a r g e r  q u e s t io n  ab ou t t h e  
homology of en to ty m p an ics  in  e u th e r i a n s  and what s t r u c t u r e
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of  t h e  b u l l a  i s  p r i m i t i v e  fo r  t h e  e n t i r e  o r d e r  C a rn iv o ra .  
The com pos it ion  o f  t h e  a u d i to r y  b u l la  i n  e u th e r i a n s  has 
been much d is c u s s e d  and review ed in  r e c e n t  y e a r s  (see  
Novacek, 1977, and MacPhee, 1981, fo r  summaries and 
r e f e r e n c e s ) . Although a co u p le  o f  h i s  s u p p o r t in g  
argum ents have a d ub io u s  l o g i c a l  b a s i s  (see  Methods, 
a b o v e ) ,  Novacek*s (1977) main p o i n t s  i n  h i s  d i s c u s s io n  of 
t h e  o r i g i n  of th e  e u th e r i a n  a u d i to r y  b u l l a  a r e  s t i l l  w ell 
su p p o r te d  by t h e  rem a in in g  a rgu m en ts ,  and I  t h e r e f o r e  
a g re e  w ith  h i s  co n c lu d in g  h y p o th e s is — t h a t  th e  p r im i t iv e  
e u th e r ia n  b u l l a  was devoid  of o s s i f i e d  en to ty m p an ics  and 
had a membranous c o n n e c t io n  between th e  e c to ty m p an ic  r in g  
and th e  medial w a ll  o f  t h e  e a r  r e g io n .  Beyond t h i s ,  
Novacek (1977), C a r tm i l l  and MacPhee (1980) and MacPhee 
(1979, 1981) a l l  su g g e s te d  t h a t  i t  i s  d o u b t fu l  t h a t  a l l  
" en to ty m p an ic s” a re  homologous a c ro s s  th e  v a r io u s  o r d e r s .
C e r t a i n l y ,  however, t h e  co m pos it ion  o f  th e  b u l l a  
w i th in  non-n im rav id  Carnivora, i s  rem arkably  c o n s i s t e n t ,  in  
s p i t e  o f  v a r i a t i o n s  i n  p r o p o r t io n s  and s t r u c t u r e s .  Hunt 
(197Ua) was a b le  t o  d em o n s tra te  an en to tym pan ic  component 
in  th e  b u l la e  of ev e ry  f a m i ly ,  b o th  r o s t r a l  (a s s o c ia te d  
w ith  th e  i n t e r n a l  c a r o t i d  a r t e r y )  and one o r  more cau da l 
en to tym pan ics  f o r  most t a x a .  He h y p o th es iz ed  t h a t  a l a r g e  
ec to ty m p an ic  i n  an u n i n f l a t e d  b u l l a  was p r im i t iv e  f o r  th e  
o r d e r .  Any i n f l a t i o n  he c o n s id e re d  d e r iv e d ,  some o f  which 
o c cu rred  in  p a r a l l e l  in  th e  d i f f e r e n t  l i n e a g e s .  However,
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i f  one in c lu d e s  in  t h e  a n a l y s i s  th e  n im r a v id s ,  m ia c id s ,  
and v i v e r r a v id s ,  th e  p r i m i t i v e l y  f u l l y  o s s i f i e d  c a rn iv o ra n  
b u l l a  o f  Hunt becomes a synapomorphy u n i t i n g  t h e  e x ta n t  
f a m i l i e s ,  and c l e a r l y  n o t  p r e s e n t  in  th e  n im ra v id s .
The c o n d i t io n  in  t h e  m iac id s  and v iv e r r a v id s  i s  l e s s  
c l e a r :  c e r t a i n l y  t h e r e  i s  n o t  th e  r e c e s s e d  a u d i to r y
re g io n  se en  in  n im ra v id s ,  bu t t h a t  r e c e s s i o n ,  i f  measured 
by th e  r e l a t i v e  l e v e l  o f  th e  promontorium and 
b a s i o C c i p i t a l ,  i s  n o t  found e lsew h e re  in  th e  C arn ivo ra  
e i t h e r .  What i s  seen  a t  l e a s t  to  a s l i g h t  d e g re e ,  in  a l l  
e x ta n t  c a r n iv o r a n s ,  i s  t h e  im press io n  on th e  su rro u n d in g  
bones of th e  b u l l a .  At l e a s t  a narrow f l a t  edge i s  
p r e s e n t  on th e  b a s i o c c i p i t a l  and b a s is p h e n o id ,  even i f  no 
f l a n g e  i s  p r e s e n t ,  and u s u a l ly  t h e  base  o f  th e  
p a r o c c i p i t a l  w i l l  show a s u r f a c e  c f  c o n t a c t .  The c l o s e s t  
p o s s i b i l i t y  f o r  a f a c e t  i s  v i s i b l e  in  Vulpavus (AMNH 
11498): a t  t h e  a n te ro m e d ia l  c o rn e r  o f  t h e  a u d i to r y
r e g i o n ,  on th e  v e n t r a l  s u r f a c e  o f  th e  b a s is p h e n o id ,  th e r e
i s  a s h a r p ly  d e l im i te d  ru g o se  a r e a ,  m edial t o  th e  i n t e r n a l
!
c a r o t i d  foramen and c h an n e l  i n  t h e  sphenoid  fo r  th e  
a u d i to r y  tu b e .  So i t  i s  s t i l l  an open q u e s t io n  w hether 
m ia c id s  and v i v e r r a v id s  had an o s s i f i e d  en to ty m p an ic  o r 
n o t .  (C e r ta in ly  t h e r e  i s  l i t t l e  i f  any d i r e c t  ev idence  
f o r  an ec to ty m p an ic  i n  m iac id s  and v i v e r r a v i d s ,  y e t  i t  
h a rd ly  seems r e a s o n a b le  to  doubt t h a t  a t  l e a s t  a tym panic 
r i n g  was p r e s e n t .  P e rh ap s  th e  en to tym pan ic  was a s  lo o se ly
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 398
a t t a c h e d  a s  t h e  e c to ty m p a n ic ,)
The c o n d i t io n  o f  th e  b u l l a  in  c r e o d o n t s ,  a s  an 
o u t-g ro u p  t o  th e  C a rn iv o ra ,  i s  v a r i a b l e .  V arious 
p a l a e o n i c t i d s  show a s  l i t t l e  t r a c e  of a b u l l a  a s  do th e  
m ia c id s .  Hvaenodon c r u c i a n s (AMNH 137U) has a very  odd, 
in co m p le te  " e n to ty m p an ic ’* and a tympanic wing from th e  
p e t r o s a l ,  q u i t e  u n l ik e  th e  c o n d i t io n  in  th e  f u l l y  o s s i f i e d  
b u l l a  o f  th e  C a r n iv o ra .
In  c o n c lu s io n ,  I  h y p o th e s iz e  h e re  t h a t  com plete  
o s s i f i c a t i o n  o f  th e  a u d i to ry  b u l l a  v ia  an en to ty m pan ic  i s  
a synapomorphy u n i t i n g  most i f  n o t  a l l  C a rn iv o ra  e x c lu s iv e  
o f  th e  N im ravidae ( th e  c o n d i t io n  in  m iac id s  and 
v i v e r r a v id s  u n c l e a r ) . The p e c u l i a r  c o n s t r u c t i o n  o f  the  
n im ravid  en to tym pan ic  i s  t r e a t e d  as a n o th e r  c h a r a c t e r ,  
d e r iv e d  f o r  t h e  N im ravidae (see b e lo w ). The number of 
e lem en ts  in  t h e  b u l la  o f  B a r b o u r o f e l i s . o r  th e  amounts o f  
t h e i r  r e l a t i v e  c o n t r i b u t i o n s  t o  t h a t  b u l l a ,  i s  p r e s e n t ly  
unknown. S u p e r f i c i a l l y  a t  l e a s t ,  th e  b u l l a  resem b les  th e  
o th e r  C a rn iv o ra  r a t h e r  th an  th e  n im rav id s  in  la c k in g  th e  
p e c u l i a r  c o n s t r u c t io n  and in  p o s s e s s in g  a f u l l y  o s s i f i e d  
b u l l a .
I t  i s  worth n o t in g  as  an a s i d e ,  in  t h e  c o n te x t  c f  t h e  
methodology o u t l i n e d  in  t h i s  r e p o r t ,  t h a t  t h e  p o l a r i t y  o f  
th e  c o n d i t io n  o f  N a n d in ia ’ s b u l l a  r e l a t i v e  t o  t h a t  o f  th e  
o t h e r  v i v e r r i d s  i s  s u b j e c t  to  wide d isa g re e m e n t .
S o lo u n ia s  (1981) c i t e d  s e v e r a l  r e f e r e n c e s  and summarized
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t h e  argum ent: some c o n s id e r  th e  c a r t i l a g i n o u s  c o n d i t io n
t o  be s p e c i a l i z e d ,  b ecause  some o s s i f i c a t i o n  i s  p r e s e n t ,  
whereas e t h e r s  ( in c lu d in g  S o loun ias)  c o n s id e r  i t  p r im i t iv e  
"b ecau se  i t  re sem b les  an o n t o g e n e t i c a l l y  e a r l i e r  s t a g e  and 
Miacidae'* (p . 8 0 ) .  I  su g g e s t  t h a t  we d o n ' t  know i f  i t  
re sem b le s  th e  m iacid c o n d i t io n  o r  not b ecause  so  l i t t l e  i s  
known about t h e  l a t t e r .  But i t  i s  q u i t e  c o r r e c t  t h a t  th e  
resem blance  o f  N a n d in ia ' s  b u l la  t o  o n t o g e n e t i c a l ly  e a r l i e r  
s t a g e s  o f  o th e r  c a rn iv o ra n  b u l la e  does i n d i c a t e  t h a t  th e  
c o n d i t io n  in  Na n d jn ia  i s  more g e n e ra l  and t h e r e f o r e  
p r i m i t i v e .  That i s  t h e  i n i t i a l  s t e p .  I f ,  however, o th e r  
ev id en ce  d e m o n s tra te s  t h a t  N andinia i s  p ro b ab ly  c lo s e ly  
r e l a t e d  to  o th e r  palm c i v e t s  and n o t  s i s t e r  group t o  a l l  
t h e  e x ta n t  C a rn iv o ra ,  then  th e  ad hoc h y p o th e s is  i s  
g e n e ra te d  t h a t  i d e n t i f i e s  th e  s p e c i f i c  o c c u rre n c e  o f  th e  
c a r t i l a g i n o u s  b u l la  i n  N andin ia  a s  n e o te n o u s .  Our 
h y p o th eses  of th e  p o l a r i t y  o f th e  c h a r a c t e r s  in  g e n e ra l  
have no t changed—we have n e t  r e v is e d  lo w e r-c rd e r  
hy p o theses  t o  f i t  h ig h e r - o r d e r  h y p o th e se s—b u t we have 
invoked one ad hoc h y p o th e s is  in  a s p e c i f i c  case  in  
re sp o n se  to  h ig h e r - o r d e r  pars im ony . The d i s t i n c t i o n  i s  a 
fundam enta l one .
13 . As d e s c r ib e d  above f o r  D i n i c t i s . Nim ra v u s . and 
Hoplophoneus. and d is c u s s e d  in  th e  p re v io u s  c h a r a c t e r  
a n a l y s i s ,  t h e  en to tym pan ic  in  th e s e  n im ra v id s  i s  o f  very 
un u su a l  c o n s t r u c t io n :  a th i c k  l a y e r  of c a n c e l lo u s  bone
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sandwiched between two very  t h i n  b u t very  d i s t i n c t ,  
co n tin u o u s  s h e e t s  of bone, so t h i n  a s  to  be sometimes 
d i f f i c u l t  t o  d e m o n s tra te  w ith o u t ex trem ely  c a r e f u l  
p r e p a r a t i o n .  Whether o r  n o t  th e  o s s i f i c a t i o n  o f  t h e  
en to tym pan ic  i s  a synapomorphy w ith  o th e r  c a r n iv o r a n s ,  
t h i s  un ique  c o n s t r u c t io n  can be h y p o th es ized  on t h e  b a s i s  
o f  i t s  very  r e s t r i c t e d  d i s t r i b u t i o n  t o  be a d e rived  
f e a t u r e  ( i t  does not occur to  my knowledge in  any taxon 
o u t s id e  o f  th e  C a rn iv o ra ,  nor even ^elsewhere w ith in  the  
C a rn iv o r a ) .  T ha t i s ,  i t  i s  autapomorphous f o r  th e  
Nim ravidae ex c lu d in g  S a r b o u r o f e l i s . The l i t t l e  a v a i l a b l e  
o n to g e n e t ic  in fo rm a t io n  o b t a in a b le  from th e  ju v e n i le  
Nimravus (F:AM 99259) su p p o r ts  t h i s  h y p o th e s i s :  t h i s
o n t o g e n e t i c a l ly  e a r l i e r  s t a g e  has a t h i n n e r ,  d en se r  
e n to ty m p an ic ,  su g g e s t in g  t h a t  th e  sandwich s t r u c t u r e  may 
d i f f e r e n t i a t e  s e c o n d a r i ly  from a l e s s  u n u su a l ,  more 
homogeneous form of e n to ty m p an ic .  T h i s . i s  an i n t e r e s t i n g  
c o n t r a s t  to  t h e  n a tu r e  o f  th e  en to tym pan ic  i n  th e  young o f  
o th e r  C a rn ivo ra  compared w ith  t h e  a d u l t  c o n d i t io n  t h e r e :  
e a r l y  in  o s s i f i c a t i o n ,  th e  bone o f te n  has a spongy 
a p p ea ra n c e ,  d e s c r ib e d  by Hough (1953: 33,36) a s  
c a n c e l lo u s ,  b u t  with s m a l l e r ,  f i n e r  c e l l s  th a n  th e  l a r g e ,  
i r r e g u l a r  v a c u i t i e s  i n  th e  m iddle l a y e r  in  t h e  a d u l t  
n im ra v id .  During on to g en y , th e  bene becomes d en se r  and 
t h i n n e r .
14 . The s t r u c t u r e  and r e l a t i o n s h i p s  o f  th e  a n t e r i o r
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edge o f  th e  en to tym pan ic  have been d is c u s s e d  in  th e  
c o n s id e r a t io n  o f s e p t a  under c h a r a c t e r  11 above , and 
i n d i r e c t l y  in  th e  a n a l y s i s  o f  th e  o sseo u s  c a n a l i s  
m u sc u lo tu b a r iu s  ( c h a r a c te r  9 ) .  In  b r i e f  summary, th e  
cupping  o f  th e  hypotympanic s in u s  a n t e r i o r l y  by th e  caudal 
en to tym pan ic  i s  w idespread  i f  n o t  u n i v e r s a l  among 
c a r n iv o ra n s  w ith  s u f f i c i e n t l y  o s s i f i e d  e n to ty m p a n ic s .  The 
c o n d i t io n  i n  n im ra v id s  (aga in  w ith  th e  e x c e p t io n  o f  
B arbouro fe l i s ) , i s  n o t  unusua l ex ce p t  in  th e  lack  o f  
c o - o s s i f i c a t i o n  between th e  p a r t i c i p a t i n g  e le m e n ts .  
C e r t a in ly  th e  a n t e r i o r  margin o f  th e  en to tym pan ic  in  
n im rav id s  i s  n o t  fo rm ing  a can id  septum e i t h e r .
Comparison of F ig u re s  50 (Canfrs l a t r a n s )  and 29 ( D in i c t i s  
c y c lo p s) shows c l e a r l y  t h a t  th e  can id  septum i s  more 
e x t e n s i v e ,  p a r t i a l l y  w a ll in g  o f f  an a n t e r i o r  chamber 
r a t h e r  th a n  m ere ly  t h e  c a n a l i s  m u sc u lo tu b a r iu s ,  t h e  d o r s a l  
edge be ing  f a r t h e r  m ed ia l th an  e v e r  seen  in  n im ra v id s .
The lac k  o f c o - o s s i f i c a t i o n  between e c t c -  and 
en to ty m p an ics  might i t s e l f  be c o n s id e re d  a c h a r a c t e r .  The 
s t a t e  i s  f a i r l y  e a s i l y  d e f in e d :  th e  c o n d i t io n  in
n im ra v id s  i s  im m ed ia te ly  r e c o g n iz a b le ,  even in  most broken 
specim ens b ecause  t h e r e  a r e  o f t e n  f a c e t s  a g a i n s t  which th e  
o th e r  e lem ent a b u t t e d .  In  e th e r  c a r n i v o r a n s ,  th e  r o s t r a l  
en to ty m p an ic  i s  sometimes no t c o - c s s i f i e d  w ith  th e  o th e r  
e le m e n ts  even in  th e  a d u l t ,  b u t  i n  a l l  specim ens o f  f u l l  
a d u l t s  ( in  which o t h e r  s u t u r e s  such a s  th e
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b a s i s p h e n o id - b a s i o c c ip i t a l  s u tu r e  were c lo s e d )  examined by 
roe, t h e  c au d a l  en to ty m pan ic  i s  a lw ays fused  to  th e  
ec to tym pan ic*  One may s t i l l  be a b le  t o  se e  a d e m a rca tio n ,  
b u t  c o - o s s i f i c a t i o n  h as  o c c u r re d .
The p o l a r i t y  of t h i s  f e a t u r e  i s  more d i f f i c u l t .  I  
Know o f  no o th e r  e u th e r i a n  with a c a u d a l  en to tym pan ic  
a b u t t i n g  th e  e c to ty m p an ic  but n o t  o s s i f y i n g  with i t ,  but I  
do no t know t h e  v a r i a t i o n  in  c h i r o p t e r a n s ,  f o r  exam ple, a t  
a l l  w e l l .  A gain , m ia c id s ,  v i v e r r a v i d s ,  and c re o d o n ts  a re  
no d i r e c t  h e lp ;  th e  specim en of Hvaenodon c r u c ia n s  used in  
t h i s  s tu d y  fo r  com parison has an en to tym p an ic  e lem en t 
a n t e r i o r l y  t h a t  shows no s ig n  of c o - o s s i f i c a t i o n  w ith  an 
e c to ty m p a n ic ,  nor does i t  show any f a c e t i n g ,  su g g e s t in g  to  
me t h a t  i t  d id  n o t  even a b u t  an o sseo u s  c a n a l i s  
m u sc u lo tu b a r iu s  from th e  e c to ty m p a n ic ,  and i s  t h e r e f o r e  a 
d i f f e r e n t  c o n d i t io n  a l t o g e t h e r .  So t h e  d i s t r i b u t i o n  of 
t h e  f e a t u r e  s u g g e s ts  t h a t  th e  n im rav id  c o n d i t io n  i s  unique 
and d e r iv e d  (bu t t h i s  i s  weak because  th e  d i s t r i b u t i o n  
th ro u g h o u t  e u th e r ia n s  i s  so  u n c e r t a i n ) .
In  c o n t r a s t ,  ontogeny c f  c o u rs e  p ro c e e d s  from th e  
n o n -fu se d  s t a t e  t o  t h e  c o - o s s i f i e d  s t a t e ,  s u g g e s t in g  t h a t  
t h e  l a t t e r  i s  d e r iv e d .  F i n a l l y ,  t h e r e  i s  n o t  im m edia te ly  
a p p a re n t  any m echan ica l o r  s t r u c t u r a l  l i m i t a t i o n s  i n  
n im ra v id s  t h a t  would c r e a t e  t h i s  c o n d i t io n  a s  a s i d e  
e f f e c t .
In  c o n c lu s io n ,  t h e n ,  i f  t h e  lack  of o s s i f i c a t i o n
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i t s e l f  i s  c o n s id e re d  as a c h a r a c t e r ,  i t s  d i s t r i b u t i o n  
w i th in  t h e  C arn ivo ra  i s  c l e a r  (o c c u r r in g  o n ly  in  th e  
n im ra v id s ,  ex c lu d in g  B a rb o u ro f e l i s ) , b u t i t s  p o l a r i t y  i s  
n o t :  t h i s  f e a t u r e  i s  e i t h e r  a n o th e r  autapomorphy o f  the
n im ra v id s  (which B a rb o u ro f e l i s  does n o t  s h a r e ) , o r  i t  i s  a 
synapomorphy u n i t i n g  th e  e x ta n t  f a m i l i e s  o f  C arn ivora  
e x c lu d in g  th e  N im ravidae .
15 . S e v e ra l  specim ens o f  D i n i c t i s  and Hoplophc neus 
had en to ty m p an ics  t h a t  were f a i r l y  com plete  p o s t e r io r ly  
and p o s t e r o l a t e r a l l y . In  th e s e  specim ens was p r e s e n t  a 
'fa ram en  o r  c a n a l  th ro u g h  th e  l a t e r a l  p a r t  o f  th e  p o s t e r i o r  
w a l l  o f  t h e  b u l l a ,  i n t o  th e  tym panic  c a v i t y .  (No specimen 
of Nimravus h as  y e t  had p re se rv e d  an en to tym pan ic  com plete  
enough p o s t e r i o r l y  t o  show w hether o r  no t  such a foramen 
was p r e s e n t  in  t h a t  genus a s  w e l l .  The s i n g l e  specimen o f  
E usm ilus s tu d ie d  h e re  was la c k in g  th e  en to tym panic  
e n t i r e l y . )  The p re sen c e  o f  t h i s  foramen combined w ith  t h e  
la c k  o f  any i d e n t i f i a b l e  foramen on th e  m edia l s id e  of th e  
b u l l a  f o r  a m ed ia l ly  p laced  i n t e r n a l  c a r o t i d  a r t e r y  
p r e s e n t s  some ex trem e ly  i n t e r e s t i n g  i m p l i c a t io n s  abo u t th e  
p a t t e r n  o f  c a r o t id  c i r c u l a t i o n  in  n im ra v id s .
J u s t i f i c a t i o n  f o r  th e  i d e n t i f i c a t i o n  o f  th e  
p e t r o b a s i l a r  foramen as t h a t  r a t h e r  th e n  a s  a p o s t e r i o r  
c a r o t i d  foramen i s  p re s e n te d  below ( c h a r a c t e r  d i s c u s s io n  
# 2 2 ) .  That i d e n t i f i c a t i o n  i s  ta k e n  t o  be c o r r e c t  f o r  th e  
d i s c u s s io n  h e r e .  Although #22 fo l lo w s  t h i s  d is c u s s io n  in
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t h e  t e x t ,  t h a t  i s  a fu n c t io n  o f  th e  to p o lo g i c a l  
o r g a n iz a t io n  o f  th e  l i s t  o f  c h a r a c t e r s ;  th e  argum ents 
p re s e n te d  in  #22 depend in  no way on t h i s  c h a r a c t e r  
a n a l y s i s  (#15)—i . e .  th e  argument i s  n o t  c i r c u l a r i
T hree  p o s s i b i l i t i e s  a r e  p re s e n te d  by t h i s  l a t e r a l l y  
p laced  foramen th ro u g h  t h e  en to ty m p an ic :  1) i t  m ight have
conveyed an i n t e r n a l  c a r o t id  a r t e r y ,  which would have been 
l a t e r a l l y  p o s i t io n e d  and t h e r e f o r e  a "prom ontory b ran ch ” , 
2) th e  foramen might have t r a n s m i t te d  a s t a p e d i a l  a r t e r y ,  
and n e i t h e r  a m edial nor a l a t e r a l  (promontory) b ranch  o f  
t h e  i n t e r n a l  c a r o t i d  was p r e s e n t  a t  a l l ,  o r  3) th e  foramen 
t r a n s m i t t e d  some o th e r  a r t e r y  e n t i r e l y ,  o r  an unknown 
v e in ,  o r  on ly  a c a r o t i d  n e rv e ,  o r  o th e r  n e rv e ,  e t c .  Let 
us c o n s id e r  t h e s e  p o s s i b i l i t i e s  in  r e v e r s e  o r d e r .
Most o f  t h e  p o s s i b i l i t i e s  i n  c a te g o ry  3 would r e q u i r e  
h y p o th e s iz in g  som ething e n t i r e l y  new, f o r  which t h e r e  i s  
no d i r e c t  e v id e n c e .  A u n i f c r m i t a r i a n  brand c f  parsimony 
p re c lu d e s  ad o p tin g  one o f  th e s e  i d e n t i f i c a t i o n s  w itho u t 
some more d i r e c t  e v id e n c e .  The one p o s s i b i l i t y  o f  which 
examples can be p rov ided  i s  t h a t  cnly  th e  c a r o t id  nerve  
passed  th ro ugh  t h i s  fo ram en, and no a r t e r y  a t  a l l  was 
p r e s e n t ,  Conroy and Wible (1978) documented th e  p re sen c e  
o f  a w e ll  d e f in e d  promontory c a n a l  a c r o s s  th e  v e n t r a l  
s u r f a c e  o f  th e  promontorium o f  Lemur v a r i e g a t u s . b u t  found 
housed w i th in  i t  on ly  th e  i n t e r n a l  c a r o t i d  n e rv e  and "no 
prom ontory a r t e r y "  (p . 8*t) o r  "o n ly  t h e  rud im en t o f  a
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promontory a r t e r y ” (p .  8 2 ) .  The a u th o rs  c o n c e n t r a te d  on 
th e  p o in t  t h a t  i t  i s  c l e a r l y  u n sa fe  to  deduce th e  r e l a t i v e  
s i z e s  o f  s t a p e d i a l  v e r s u s  promontory a r t e r i e s  from th e  
r e l a t i v e  s i z e s  o f  t h e  bony c a n a ls  presumed t c  have housed 
them . However, in  t h e i r  l a s t  p a ra g ra p h ,  th e y  e x t r a p o la t e  
from t h i s  t o  a rg u e  t h a t  a promontory c a n a l  does " n o t  
p ro v id e  u n eq u iv o ca l  ev id e n ce  o f . . . t h e  p re se n c e  of t h e  
prom ontory a r t e r y  in  f o s s i l  fo rm s .” I t  i s  f o r  t h i s  l a t t e r  
p o in t  t h a t  th ey  have o f te n  been c i t e d  ( e .g .  Novacek,
19 80: 9 3 ) ,  y e t  t h i s  p o in t  i s  n o t  n e a r ly  as fundam enta l as  
i t  f i r s t  a p p e a r s .
The i n t e r n a l  c a r o t i d  nerve  accompanies th e  i n t e r n a l  
c a r o t i d  a r t e r y ,  w hether m edial o r  l a t e r a l  in  p o s i t io n  
(MacPhee, 1981 :38 , and r e f e r e n c e s  c i t e d  t h e r e i n ) .
T h e re fo re  th e  c o n d i t io n  Conroy and Wible (19 78) observed  
in  Lemur can b e s t  be i n t e r p r e t e d  as  homologous to  t h e  
c o n d i t io n  o f  hav ing  a "prom ontory a r t e r y " ,  and w i th in  t h a t  
c h a r a c t e r ,  th e  c o n d i t io n  in  Lemur i s  a s p e c i a l  c a se  of 
r e d u c t io n  o r  l o s s  of th e  promontory b ranch  s p e c i f i c a l l y .  
Pu t a n o th e r  way: i t  i s  s i g n i f i c a n t  t h a t  th e  c o n d i t io n  in
Lemur can be shown t o  be p ro b ab ly  one o f  l o s s (not 
p r i m i t i v e  absence) o f  th e  "promontory a r t e r y "  on t h e  b a s i s  
o f  th e  p o s i t i o n  o f  t h e  i n t e r n a l  c a r o t id  n e rv e ,  and t h a t  i t  
i s  n o t  a case  o f  t h e  promontory can a l  c o n ta in in g  o n ly  th e  
n e rv e  w hile  t h e  a r t e r y  was p r e s e n t  b u t  in  a m edial 
p o s i t i o n .  A p a l e o n to l o g i s t  p re sen te d  w ith  t h e  s k u l l  o f
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Lemur v a r i e g a tu s  would no t have made any e r r o r  of 
homology, bu t would o n ly  have f a i l e d  to  re c o g n iz e  a more 
s p e c i a l i z e d  c o n d i t io n  w i th in  t h i s  b ro ad e r  c h a r a c t e r .
T h e re fo re ,  th e  p o s s i b i l i t y  t h a t  t h e  i n t e r n a l  c a r o t i d  
n e rv e  a lo n e ,  unaccompanied by th e  a r t e r y ,  p assed  th ro u g h  
t h e  p o s t e r o l a t e r a l  foramen in  t h e  n im rav id  b u l l a  i s  
l o g i c a l l y  a s u b s e t  o f  and in c lu d e d  w ith in  p o s s i b i l i t y  one 
above—t h a t  a ’’prom ontory a r t e r y ” (an i n t e r n a l  c a r o t i d  in  
a l a t e r a l  p o s i t io n )  was p r e s e n t .
The second p o s s i b i l i t y  l i s t e d  above i s  t h a t  t h i s  
foramen t r a n s m i t t e d  a s t a p e d i a l  a r t e r y —a branch  from th e  
i n t e r n a l  c a r o t id  t h a t  p a s se s  even f a r t h e r  l a t e r a l l y ,  
th ro u g h  th e  foramen in  t h e  s t a p e s ,  a n t e r i o r l y  v ia  t h e  
i n f e r i o r  ramus t o  th e  m a x i l la ry  a r t e r y ,  and d o r s a l ly  v ia  
t h e  s u p e r io r  ram us, th ro u g h  th e  tym panic r o o f  t o  t h e  
m iddle  m eningeal a r t e r y  i n t r a c r a n i a l l y . Thus th e  
d e f i n i t i o n  o f  th e  a r t e r y  p a ss in g  through t h a t  foram en 
depends upon i t s  su b seq u e n t  c o u rs e ;  we can o n ly  e v a lu a t e  
ou r i d e n t i f i c a t i o n  by th e  e v id en ce  f o r  t h a t  su bsequen t 
c o u r s e .
Grooves a re  p r e s e n t  on th e  v e n t r a l  s u r f a c e  o f  th e  
promontorium i n  some i n d i v i d u a l s  of a l l  n im rav id  g e n e ra .  
In  a l l  b u t  one c a s e ,  t h e s e  grooves a re  in  t h e  c e n t e r  o f 
t h e  promontorium and cu rv e  a n te ro m e d ia l ly  from th e  
p o s t e r o l a t e r a l  foramen toward th e  i n t e r n a l  c a r o t i d  
foram en. In  one Hoplophoneus (F:AM 102387), how ever, a
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w ell  d e f in e d  groove i s  p r e s e n t  much more l a t e r a l l y ,  and i s  
aimed d i r e c t l y  a t  th e  f e n e s t r a  v e s t i b u l i ,  a s  i f  t o  pass 
th rou gh  th e  s t a p e d i a l  foram en. T h is  specim en o f  
Hoplophoneus has been u n l ik e  t h e  o th e r  Hoplophoneus in  so  
many f e a t u r e s  t h a t  I  might be w i l l i n g  to  h y p o th e s iz e  a 
s t a p e d i a l  a r t e r y  f o r  j u s t  t h a t  form and a promontory 
a r t e r y  f o r  th e  o th e r  n im rav id s  were i t  n o t  f o r  th e  sm all 
foramen i n  th e  ep itym p an ic  r e c e s s  o f  Di n i c t i s .  Nimravus. 
and th e  e th e r  Hoplophoueus. a s  i f  f o r  a s u p e r io r  ramus of 
a s t a p e d i a l  a r t e r y .  Modern c a rn iv o ra n s  a r e  a l l  l a c k in g  a
s t a p e d i a l  a r t e r y :  in  none c f  them have I  found a foramen
in  t h i s  p o s i t i o n .  (S e v e ra l  m u s te l id s  have an an as tom osis  
between th e  e x t e r n a l  c a r o t id  a r t e r y  system  and th e  d i s t a l  
s t a p e d i a l  su p p ly  t o  t h e  d u ra ,  a c c o rd in g  to  Bugge, 1978, 
bu t  t h e  foramen f o r  t h i s  co n n ec tio n  i s  f a r t h e r  a n t e r io r  
th an  th e  n im ravid  foram en.)  C o u n te r in g  th e  i n t e r p r e t a t i o n  
of t h a t  foramen a s  f o r  a s u p e r io r  ramus o f  t h e  s t a p e d ia l  
i s  my i n a b i l i t y  to  d e m o n s tra te  in  any specim en a 
c o n n e c t io n  between t h a t  foramen and th e  grooves
i n t r a c r a n i a l l y  f o r  t h e  m iddle m eningeal a r t e r y .
So th e  ev id e n ce  i s  i n c o n c lu s iv e  w hether t h i s  foramen 
in  th e  b u l l a  i s  f o r  a s t a p e d i a l  a r t e r y .  However, i f  we 
h y p o th e s iz e  t e m p o r a r i ly  th e  p re se n c e  o f  a s t a p e d i a l  a r t e r y  
in  n im ra v id s ,  what i s  t h e  d i s t r i b u t i o n  (and p o l a r i t y )  o f 
t h e  f e a t u r e ?  The p resen ce  of a s t a p e d i a l  a r t e r y  in  the 
a d u l t  i s  p r im i t iv e  f o r  e u t h e r i a n s :  n o t  o n ly  i s  an a r t e r y
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p ie r c in g  th e  s t a p e s  w ide ly  p r e s e n t  in  m e ta th e r ia n s  but 
such an a r t e r y  i s  a l s o  g e n e r a l ly  p re s e n t  i n  r e p t i l e s  as 
w e l l .  I  Know o f  no e v id en ce  t h a t  th e  s t a p e d i a l  a r t e r y  was 
l o s t  i n  an a n c e s to r  common to  th e  C a rn iv o ra  p lu s  one o r  
more o t h e r  t a x a ,  so  t h e r e  i s  no e v id en ce  t h a t  a s t a p e d i a l  
a r t e r y  w i th in  C arn iv o ra  would be a r e v e r s a l  (and t h e r e f o r e  
d e r iv e d  w i th in  t h e  g ro u p ) .  So i f  a s t a p e d i a l  i s  
h y p o th e s iz e d ,  i t s  p re sen c e  would be a p r i m i t iv e  f e a t u r e  
f o r  c a r n iv o ra n s  and i t s  l o s s  d e r iv e d  w i th in  th e  o r d e r .
The f i r s t - m e n t io n e d  p o s s i b i l i t y  re m a in s ,  however, 
t h a t  th e  foramen in  t h e  b u l la  t r a n s m i t te d  a promontory 
a r t e r y .  In  t h e  m a jo r i ty  o f specim ens w ell enough 
p re s e rv e d  to  see  th e  g rooves  on th e  v e n t r a l  fac e  o f  the  
promontorium, th e s e  g rooves run  toward th e  a n te ro m e d ia l  
c o rn e r  o f  th e  p e t r o s a l ,  beyond which i s  t h e  i n t e r n a l  
c a r o t i d  foram en. Some a u th o rs  have re c o g n iz e d  a d i s t i n c t ,  
more l a t e r a l  foramen f o r  th e  promontory a r t e r y  to  e n te r  
t h e  b r a in c a s e  ( e .g .  H unt, 1 9 7 4 a ) . The i n t e r n a l  c a r o t id  
a r t e r y ,  w hether in  a m edial o r  l a t e r a l  p o s i t i o n ,  always 
e n t e r s  t h e  c r a n i a l  c a v i t y  v ia  th e  i n t e r n a l  c a r o t id  
foram en. (See th e  d i s c u s s io n  o f  t h i s  foramen in  th e  
background s e c t i o n  o f  th e  m orph o log ica l  d e s c r i p t i o n ,  and 
in  MacPhee, 1981: 40) . However, t h e  s i z e  o r  mere p resen ce  
of an i n t e r n a l  c a r o t i d  foramen cannot be used  a s  ev idence  
f o r  an i n t e r n a l  c a r o t i d  a r t e r y :  most o f  t h e  n im rav id
b a s i c r a n i a  show very c l e a r ,  l a r g e  c h an n e ls  from th e
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a n t e r i o r  opening o f  th e  c a n a l i s  m u sc u lo tu b a r iu s  
p o s t e r o d o r s a l l y  on t h e  e p ity m p an ic  wing of th e  sphenoid t o  
t h e  i n t e r n a l  c a r o t i d  foram en. T h is  I  i n t e r p r e t e  a s  being 
f o r  an a n a s to m o tic  b ranch  o f  t h e  a scen d in g  pharyngea l 
a r t e r y  (Bugge*s (1978) "an as to m o sis  Y ") ,  which could  
l a r g e l y  o r  com ple te ly  r e p la c e  th e  i n t e r n a l  c a r o t id  a r t e r y  
in  th e  a d u l t .
So th e  ev id en ce  fo r  an i n t e r n a l  c a r o t i d  a r t e r y  i s  no 
s t r o n g e r  than  t h a t  f o r  a s t a p e d i a l .  The ev idence  t h a t  no 
m e d ia l ly  p lac ed  branch  was p r e s e n t  i s  very  s t ro n g  (see  
c h a r a c t e r  22 be low ), so i f  any i n t e r n a l  c a r o t i d  a r t e r y  was 
p r e s e n t ,  i t  was a "prom ontory a r t e r y " .  Recognizing th e  
weakness o f  t h e  e v id e n c e ,  what i s  th e  p o l a r i t y  of t h i s  
f e a t u r e  were a promontory a r t e r y  ( = l a t e r a l l y  p laced  
i n t e r n a l  c a r o t id  a r t e r y )  p r e s e n t  in  t h e  n im rav ids?
E vidence  f o r  th e  p o l a r i t y  o f  th e  promontory v e rsu s  
m edial p o s i t i o n  o f  t h e  i n t e r n a l  c a r o t i d  i s  c o n f l i c t i n g .  
A ccording t o  P re s le y  (1979), parsimony r e q u i r e s  t h a t  th e  
p r i m i t i v e  p a t t e r n  of th e  i n t e r n a l  c a r o t i d  a r t e r y  w i th in  
mammals i s  m edial to  th e  tym panic  c a v i t y .  The c i t e d  
e v id e n ce  i s  t h e  taxonom ic d i s t r i b u t i o n  o f  t h a t  p o s i t i o n :  
a l l  e x t a n t  monotremes and m a rs u p ia ls ,  and some e u t h e r i a n s ,  
have th e  i n t e r n a l  c a r o t i d  a r t e r y  "more o r  l e s s  m ed ia lly  
p la c e d ” ( P r e s le y ,  1979: 243 ) .  The s t r u c t u r e  of t h i s  
argum ent i s ,  o f  c o u rs e ,  o u t-g ro u p  com parison  s in c e  i t s  
v a l i d i t y  r e q u i r e s  t h a t  one assume o r  a c c e p t  some phylogeny
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w ith in  Mammalia t h a t  would be c o n t r a d ic t e d  by c o n s id e r in g  
a m edial p o s i t io n  of more r e s t r i c t e d  d i s t r i b u t i o n — a 
synapomorphy. (In  t h i s  c a s e ,  th e  a ssu m p tio n s  abou t groups 
p ro bab ly  were t h a t  monotremes a r e  th e  s i s t e r  group o f  a 
m onophy le tic  group co m p ris in g  m a rs u p ia ls  and e u th e r i a n s . )
I t  i s  i n t e r e s t i n g  t o  n o te ,  however, t h a t ,  a lth o u g h  
P re s le y  b u i l t  from e x te n s iv e  em b ry o lo g ic a i  e v id e n ce  a ve ry  
c o n v in c in g  c a se  t h a t  th e  i n t e r n a l  c a r o t id  a t  th e  l e v e l  o f  
t h e  a u d i to r y  c a p su le  i s  a s i n g l e  v e s s e l ,  he e i t h e r  d id n o t  
re c o g n iz e  o r  d id  n o t  acknowledge th e  i m p l i c a t i o n s  o f  t h a t  
same e m b ry o lo g ica i  e v id e n c e  f o r  th e  p o l a r i t y  of t h i s  
f e a t u r e .  H is summary of h i s  o b s e r v a t io n s  on a wide range 
o f  mammalian embryos ( in c lu d in g  th o se  o f  monotremes and 
D id e lp h i s ) in c lu d ed  th e  s t a t e m e n t :  " In  a l l  p r e - c a r t i l a g e
s t a g e s  th e  v e s s e l  [ t h e  d o r s a l  a o r t a  = th e  i n t e r n a l  c a r o t id  
a r t e r y ]  l a y  in  th e  mesoderm o f  t h e  ro o f  o f  th e  pharynx 
d i r e c t l y  benea th  th e  c o c h le a ” (P re s le y ,  1979: 2 4 0 ) .  This 
i s  t h e  p o s i t i o n  of a "prom ontory a r t e r y ” , which th e n  
a p p e a rs  t o  be th e  most g e n e r a l l y  d i s t r i b u t e d  s t a t e  cn 
o n to g e n e t i c  g ro und s . I f  t h e  m edial p o s i t i o n  o f  t h e  
i n t e r n a l  c a r o t i d  in  t h e  a d u l t  i s  t r u l y  p r i m i t iv e  f o r  
mammals, t h e  promontory p lacem ent t h a t  o c c u rs  in  many 
e u th e r i a n s  i s  then  a n eo tencus  developm ent (an ad h cc  
h y p o th e s is )  o c c u r r in g  p robab ly  more th an  once w i th in  
E u th e r i a .  (A f u r t h e r  d e r iv e d  c o n d i t io n  would a r i s e ,  of 
c o u r s e ,  i f  t h e  a r t e r y  moved d u r in g  developm ent s t i l l
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f u r t h e r  l a t e r a l  r e l a t i v e  t o  th e  c o c h le a . )  F u rth e rm o re , 
t h e  embryonic p lacem ent o f  th e  i n t e r n a l  c a r o t id  a r t e r y  
must be a f e t a l  s p e c i a l i z a t i o n  (a ls o  an ad h oc 
h y p o t h e s i s ) . whether f o r  b a s ic  m echanical r e a so n s  during  
d i f f e r e n t i a t i o n ,  o r  p e rh ap s  f o r  some c u r r e n t l y  unsu spec ted  
a d a p t a t i o n a l  r e a s o n ,  th e  i n t e r n a l  c a r o t i d  i n  e a r ly  s ta g e  
embryos i s  in  a more l a t e r a l  p o s i t i o n  th an  seen  i n  th e  
a n c e s t r a l  a d u l t —a prom ontory p o s i t i o n —and , in  th o s e  
forms r e t a i n i n g  ( p h y lo g e n e t ic a l ly )  th e  p r i m i t iv e  c o n d i t io n  
a s  a d u l t s ,  s e c o n d a r i ly  ( o n to g e n e t i c a l ly )  moves m ed ia l ly  to  
t h a t  p r i m i t iv e  p o s i t i o n .
I  f in d  t h e  o u t-g ro u p  argum ents v e ry  s t r o n g  when such 
l a r g e  and a p p a re n t ly  w e ll  d e f in e d  groups a r e  in v o lv e d ,  and 
t h e r e f o r e  am w i l l i n g  to  h y p o th e s iz e  t h a t  th e  p ro b ab le  
p r i m i t iv e  c o n d i t io n  w i th in  mammals i s  f o r  t h e  i n t e r n a l  
c a r o t i d  a r t e r y  t o  be m ed ia l ly  p o s i t io n e d  in  th e  a d u l t .
Many f e a t u r e s  su p p o r t  t h e  c lo s e  r e l a t i o n s h i p  between 
m e ta th e r ia r is  and e u th e r i a n s  r e l a t i v e  t o  monotremes, so 
t h a t  o u t-g ro u p  com parison  in  t h i s  c a se  ap p ea rs  to  be a 
s t r o n g e r  so u rc e  o f  e v id e n ce  th an  does th e  sequence  c f  
s t a t e s  th ro u g h o u t  on to g en y . However, in  l i g h t  of th e  
b r i e f  e m b ry o lo g ica i  d a ta  p re s e n te d  by P r e s le y  (1979), i t  
must be emphasized t h a t  t h i s  p o l a r i t y  i s  n o t  y e t  
c o n c lu s iv e ly  d e m o n s tra te d .  These c o n c lu s io n s  cou ld  be 
f u r t h e r  t e s t e d  by exam ining th e  development of th e  
i n t e r n a l  c a r o t id  in  r e p t i l e s .
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Having concluded t h a t  a m ed ia l ly  p la c e d ,  e x t r a b u l l a r  
i n t e r n a l  c a r o t id  a r t e r y  i s  p r im i t iv e  w i th in  Mammalia, th e  
much more d i f f i c u l t  q u e s t io n s  of th e  p o l a r i t i e s  w i th in  
e u th e r i a n s  and s p e c i f i c a l l y  f o r  th e  C a rn iv o ra  rem ain .
M atthew 's (1909) r e c o n s t r u c t i o n  o f  t h e  i n t e r n a l  
c a r o t i d  c i r c u l a t i o n  f o r  V iv e rrav u s  h y p o th e s iz e d  t h r e e  
b ra n c h e s ,  a m edial c a r o t i d ,  a promontory a r t e r y ,  and a 
s t a p e d i a l  a r t e r y  (F ig u re  5 1 ) .  T h is  r e c o n s t r u c t i o n  has 
been w ide ly  adop ted  a s  a morphotype from which to  d e r iv e  
t h e  c a r o t i d  p a t t e r n s  in  e x ta n t  e u th e r i a n s  ( e .g .  Bugge, 
1974, 1978; Hunt, 1974; M ac In ty re ,  1972; Novacek, 1980; 
and a d d i t i o n a l  r e f e r e n c e s  in  P r e s l e y ,  19 79 ) .  The 
u n q u e s t io n e d  u se  o f  t h i s  morphotype f o r  n e a r ly  t h r e e  
q u a r t e r s  o f  a c en tu ry  i s  a good example o f  th e  power and 
p e r s i s t e n c e  o f  a morphotype once i t  becomes a d o p te d • In 
t h i s  c h a r a c t e r ,  th e  morphotype gave th e  a n c e s t r a l  
c o n d i t io n  and was i t s e l f  never q u e s t io n e d  o r  t e s t e d :  
bo th  a m edial and promontory branch was b e l ie v e d  p r i m i t iv e  
w i th in  E u th e r ia .  Thus th e  morphotype de term ined  th e  
p o l a r i t y ,  th e  a n c e s t r a l  c h a r a c t e r  s t a t e ,  and n e i t h e r  th e  
morphotype nor th e  c o n c lu s io n s  drawn from i t  in  s p e c i f i c  
a n a ly s e s  were e v e r  d i r e c t l y  q u e s t io n e d .
However, t h r e e  very  s t r o n g  o b je c t io n s  to  t h i s  
morphotype can be r a i s e d .  F i r s t ,  P r e s le y  (1979) r e c e n t l y  
p o in te d  o u t  some fundam enta l problem s w ith  a morphotype 
c o n ta in in g  both  a promontory branch  and a m edial b ran c h .
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Second, I  have concluded  t h a t  Matthew and t h e  m a jo r i ty  o f 
su b seq u en t  a u th o rs  have badly  m isp laced  th e  s o - c a l l e d  
m edia l branch in  c a r n iv o r a n s  and indeed in  most 
e u t h e r i a n s ,  e s p e c i a l l y  r e c o n s t r u c t i o n s  o f  e x t i n c t  fo rm s, 
n u l l i f y i n g  much of t h e  supposed o s t e o l o g i c a l  e v id en ce  f o r  
a m edial branch  in  t h e s e  fo rm s. T h ird ,  my e v a lu a t io n  o f  
t h e  o r i g i n a l  e v id en ce  f o r  t h e  o th e r  two b ran c h es ,  t h e  
prom ontory and th e  s t a p e d i a l  a r t e r i e s ,  l e a d s  roe t o  
q u e s t io n  th e  v a l i d i t y  o f  th e  r e s t  o f  th e  r e c o n s t r u c t i o n  
f o r  V iv e r r a vus  t h a t  formed th e  b a s i s  o f  th e  morphotype. I  
w i l l  e x p la in  each o f  th e s e  t h r e e  o b j e c t i o n s  in  more 
d e t a i l .
P r e s le y  (197S) p ro v id ed  em b ry o lo g ica i  in fo rm a tio n  
t h a t  s t r o n g ly  s u p p o r ts  h i s  h y p o th e s is  t h a t  th e  m edial 
i n t e r n a l  c a r o t id  and th e  l a t e r a l  i n t e r n a l  c a r o t id  {the 
prom ontory a r t e r y )  a r e  hom ologues. They a r e  th e  same 
v e s s e l ,  t h e  developm enta l e q u iv a le n t  o f  th e  d o rsa l  a o r t a ,  
which has moved e i t h e r  m ed ia l ly  o r  l a t e r a l l y  during  
developm ent (summarized in  F ig u re  5 2 ) .  In  a d d i t io n  t o  t h e  
developm enta l e v id e n c e ,  bo th  P re s le y  (1979) and MacPhee
(1981) p o in te d  o u t  a d d i t i o n a l  e v id e n c e ,  such a s  th e  
a s s o c i a t i o n  o f  bo th  v e s s e l s  w ith  th e  i n t e r n a l  c a r o t i d  
n e rv e ,  th e  e n t ra n c e  o f  both  v e s s e l s  i n t r a c r a n i a l l y  to  th e  
C i r c l e  o f  W i l l i s  v ia  th e  i n t e r n a l  c a r o t i d  foram en, and th e  
o b s e rv a t io n  t h a t  th e  p re sen c e  of both v e s s e l s  in  t h e  same 
mammal h as  never  been d e m o n s tra te d ,  o n ly  p o s tu la t e d  ( i . e . .
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t h i s  h y p o th e s is  o f  homology h as  never f a i l e d  P a t te r s o n * s
(1982) c o n ju n c t io n  t e s t ) •
I  have concluded t h a t  th e  main re a so n  a median 
c a r o t i d  was in c lu ded  in  t h e  morphotype was t h a t  e x t a n t  
c a r n iv o r a n s  a l l  have a v e s s e l  l a b e l l e d  th e  median c a r o t i d  
a r t e r y ,  fts I  w i l l  e x p la in  in  more d e t a i l  in  th e  
d i s c u s s io n  of c h a r a c t e r  22 , Matthew and a l l  subsequen t 
a u th o r s  have m isp laced  th e  median branch r e l a t i v e  t o  th e  
b a s i c r a n i a l  bones and th e  i n f e r i o r  p e t r o s a l  s in u s .  I f  we 
a r e  p a rs im o n io u s ly  u n i f o r m i t a r i a n , t h e r e  i s  a c t u a l l y  no 
e v id e n ce  w hatever fo r  a median branch in  V iv e rrav us  c r  any 
o th e r  v iv e r r a v id  o r  m ia c id ,  n o r  indeed  in  any o f  th e  
f o s s i l  form s f o r  which t h r e e  b ran ch es  have been 
p o s t u l a t e d .
When th e  rem ain ing  e v id e n c e  i s  e v a l u a t e d ,  th e  cases  
f o r  a s t a p e d i a l  a r t e r y  and a prom ontory a r t e r y  a re  n o t 
s t r o n g  e i t h e r .  I  have n ev e r  been a b le  to  f in d  a groove 
t h a t  m ight rea so n a b ly  be f o r  a s t a p e d i a l  a r t e r y  i n  a 
m iac id  o r  v i v e r r a v id .  I  do n o t  s e r i o u s l y  q u e s t io n  t h a t  
th e  p re sen c e  o f  a s t a p e d i a l  a r t e r y  i s  p r im i t iv e  f o r  
e u t h e r i a n s ,  b u t  t h i s  i s  shown by developm enta l ev idence  
and o u t-g ro u p  com parison : th e  f o s s i l  ev id en ce  f o r  a
s t a p e d i a l  a r t e r y  i s  o f  d ub ious  v a lu e .  Grooves a r e  
v a r i a b ly  p re s e n t  in  t h e  c e n te r  o f  th e  v e n t r a l  s u r f a c e  o f  
t h e  prom ontorium , but a r e  n e t  a s  s t ro n g  ev id en ce  f o r  th e  
p re se n c e  o f  a promontory p o s i t i o n  o f  th e  a r t e r y
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s p e c i f i c a l l y  a s  had p r e v io u s ly  been th o u g h t .  T h is  i s  
d is c u s s e d  f u r t h e r  under c h a r a c t e r  19 below .
In  sum, n o t  only  i s  th e  m o rp h o ty p ica l  u se  of 
M atthew 's  r e c o n s t r u c t i o n  o f  th e  c a r o t i d  p a t t e r n  o f 
V iv e r ra v u s  as  a Known (unq ues tion ed )  e u th e r i a n  a n c e s to r  
l o g i c a l l y  i n v a l i d ,  b u t  th e  r e c o n s t r u c t io n  i t s e l f  i s  based 
on e i t h e r  ex trem e ly  ten u o u s  e v id e n c e  o r  m is c o n c e p t io n s ,  
and n o t  a s  c e r t a i n  a s  i t  was t r e a t e d  by subseq uen t 
a u t h o r s .
The g u e s t io n  o f th e  p o l a r i t y  o f  th e  prom ontory a r t e r y  
th e n  re m a in s .  An e a sy  answer i s  n o t  o b t a in a b le  from th e  
d i s t r i b u t i o n  o f  th e  f e a t u r e  any more th an  frcm th e  
m orphotype. C le a r ly  a p r i m i t i v e l y  m edial p o s i t io n  f c r  
t h e r i a n s  i s  in d ic a te d  by th e  f a r  m edial p o s i t i o n  i n  
r e p t i l e s ,  monotremes, and m a r s u p ia ls .  W ith in  th e  
e u t h e r i a ,  however, a promontory p o s i t io n  i s  f a i r l y  common 
(but by no means u n i v e r s a l ) , o c c u r r in g  e s p e c i a l l y  i n  
g ro u p s  t y p i c a l l y  i d e n t i f i e d  a s  ' 'p r i m i t i v e ” —L ip o ty p h la ,  
S c a n d e n t ia ,  M a c ro s c e l id ia ,  P r im a te s .  T his  d i s t r i b u t i o n  
le d  A rch iba ld  (1977) and Wible (1980) to  a rgue  t h a t  a 
prom ontory a r t e r y  was p r e s e n t  in  th e  common a n c e s to r  of 
t h e  E u th e r ia  and t h e r e f o r e  p r i m i t iv e  w i th in  th e  group f o r  
e u t h e r i a n s .  I  th in k  t h e r e  a r e  some problem s with t h i s  
c o n c lu s io n .  F i r s t  t h e  l o g i c  o f t h e i r  argum ent (a l thou gh  
n e v e r  e x p l i c i t l y  s t a t e d ,  so  my i n f e r e n c e s  may be wrong) 
seems to  be e i t h e r  a “common i s  p r i m i t iv e ” argument (shown
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i n v a l i d  i n  my Methods s e c t i o n  ab o v e ) ,  o r  an argument t h a t  
a s t a t e  o c c u r r in g  in  o th e rw ise  p r i m i t i v e  an im a ls  i s  
p r i m i t iv e  ( a l s o  l o g i c a l l y  i n v a l i d  i n  th e  p r e s e n t  
sy s tem —a lth o u g h  p e rh a p s  worth e x p lo r in g  in  a s t a t i s t i c a l  
approach  to  p h y lo g e n e t ic  a n a l y s i s  b a r e ly  begun to  be 
developed) o r an argum ent t h a t  becau se  th e  prom ontory 
a r t e r y  i s  p r e s e n t  in  groups t h a t  by th em se lv e s  form a 
p a r a p h y le t i c  a ssem blage— i . e . ,  g iv en  th e  p h y lo g e n e t ic  
r e l a t i o n s h i p s  among t h e  o r d e r s —th e  f e a t u r e  must be 
p r i m i t i v e .  The l o g ic  of t h e  f i r s t  two p o s s i b i l i t i e s  i s  
i n v a l i d ,  and th e  t h i r d  depends on th e  accu racy  o f  t h e  
p h y lo g e n e t ic  r e l a t i o n s h i p s  among th e  o r d e r s  o f mammals, 
h a rd ly  knowledge o f  which we a r e  very s u r e .
I  su g g e s t  t h a t  a n o th e r  p o s s i b i l i t y  should  be 
c o n s id e r e d :  s in c e  t h e  im p re ss io n  t h a t  promontory
a r t e r i e s  a r e  w idespread  i s  based p a r t l y  on th e  
m is a p p l ic a t io n  o f  th e  morphotype to  f o s s i l s ,  g e n e ra t in g  
t h e  o c c u rre n c e  in  many ta x a  o f  su p p o sed ly  t h r e e  b ra n c h e s ,  
and by r e p o r t s  f o r  modern ta x a  based  e n t i r e l y  on g rooves  
o r  d r ie d  t i s s u e ,  and u n s u b s ta n t i a t e d  by d i r e c t  
d e m o n s tra t io n  o f  th e  a r t e r y  i t s e l f ,  p e rh ap s  the  p re sen c e  
o f  th e  a r t e r y  in  a prom ontory p o s i t i o n  i s  much more 
r e s t r i c t e d  in  d i s t r i b u t i o n ,  p e rh a p s  a d e r iv e d  f e a t u r e  
u n i t i n g  some s u b s e t  o f  t h e  A rchon ta .
A nother q u e s t io n  i s  one o f  homology. Wible (1980) 
concluded  t h a t  a l l  e u th e r i a n  m edia l c a r o t i d s  a r e
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s e c o n d a r i ly  m edial i n  p o s i t i o n ,  and t h a t  t h e i r  p o s i t io n  i s  
t h e r e f o r e  no t  homologous w ith  t h e  m edial p o s i t io n  
p r i m i t iv e  f o r  Mammalia. T h is  i s  an i n t e r e s t i n g  p o i n t  t h a t  
I  cannot e v a lu a te  f o r  any group ex cep t  C a rn iv o ra .  In  t h a t  
o r d e r ,  however, I  have concluded  based on P r e s l e y ' s  
d i s c u s s io n  t h a t  th e  s o - c a l l e d  m ed ia l i n t e r n a l  c a r o t i d  o f  
c a r n iv o ra n s  i s  a d i f f e r e n t  s t a t e  than  t h a t  o f  o th e r  
e u th e r i a n s  w ith a m ed ia l a r t e r y ,  because i n  C a rn iv o ra  th e  
a r t e r y  i s  u s u a l ly  in a tu b e  of r o s t r a l  en to tym pan ic  and 
th u s  w i th in  th e  b u l l a r  w a ll  f o r  a t  l e a s t  p a r t  o f  i t s  
r o u t e .
In  f a c t .  I  would h y p o th e s iz e  t h a t  a promontory 
p o s i t i o n  i s  p r i m i t iv e  w i th in  E u th e r i a ,  b u t  c c h s id e r  the  
o n ly  v a l i d  argument f o r  t h i s  t o  be P r e s l e y ' s  em b ry o lo g ica i  
d a t a .  Although P re s le y  h im se lf  d id  n o t  draw t h i s  
c o n c lu s io n ,  i t  seems to  me t h a t  a promontory p o s i t i o n  i s  
o n t o g e n e t i c a l ly  p r im a ry ,  and t h a t  su b seq u en t  d isp lacem en t 
i s  much l e s s  i f  th e  a d u l t  c o n d i t io n  has  a prom ontory 
a r t e r y  th an  i f  i t  has a m edial a r t e r y .  Thus th e  
prom ontory p o s i t io n  i s  t h e  most g e n e r a l ,  o c c u r r in g  
th ro u g h o u t  th e  E u th e r i a .  T h is  h y p o th e s is  cou ld  be t e s te d  
by check ing  th e  em b ry o lo g ica i  sequence in  r e p t i l e s  and 
m a r s u p ia ls .  I  f u r t h e r  h y p o th e s iz e  t h a t  t h e  s t r a n g e ly  
i n te r m e d ia te  p o s i t io n  of th e  i n t e r n a l  c a r o t i d  a r t e r y  in  
C a rn iv o ra  (see F ig u re  5 « ) ,  noted  by s e v e r a l  a u th o rs  ( e .g .  
P r e s l e y ,  1979; MacPhee, 19 81 ) ,  i s  no t a "m edial i n t e r n a l
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c a r o t i d "  homologous a s  a m edial c a r o t i d  w ith  any o th e r  in  
Mammals. I n s t e a d  i t  i s  a synapomcrphy c f  t h e  m a jo r i ty  o f  
t h e  C a rn iv o ra ,  a c h a r a c t e r  s t a t e  d e r iv e d  in d e p e n d e n t ly  
from an a n c e s t r a l  s t a t e  o f  a promontory a r t e r y .  T h is  
d e r iv e d  c o n d i t io n  o f  th e  c a r o t i d  would e x c lu d e  th e  
N im ravidae (and p e rh ap s  th e  m iac ids  and v i v e r r a v i d s —t h e i r  
c o n d i t io n  i s  n o t  c l e a r )  from a c lo s e  r e l a t i o n s h i p  t o  any 
subgroup w i th in  th e  C a rn iv o ra ,  though not o f  cou rse  from 
b e in g  s i s t e r  group t o  th e  r e s t  o f  th e  o r d e r .
I t  i s  im p o r tan t  to  n o te  a t  t h i s  p o in t  t h a t  t h e s e  a r e  
t h e  same c o n c lu s io n s  one re a c h e s  i f  th e  foramen in  th e  
p o s t e r i o r  w a ll  o f  th e  b u l l a  i s  h y p o th e s iz e d  to  be f o r  a 
s t a p e d i a l  a r t e r y  r a t h e r  th an  a prom ontory a r t e r y .  I  have 
t h e r e f o r e  c o n s id e re d  t h i s  f e a t u r e  p h y lo g e n e t i c a l ly  
s i g n i f i c a n t  in  s p i t e  o f  th e  u n c e r t a i n t y  a b o u t  th e  
c i r c u l a t o r y  p a t t e r n  t h a t  was a c t u a l l y  p r e s e n t .
1 6 . Expansion o f  th e  hypotympanic s in u s  i s  
f r e q u e n t ly  accom plished  by an in v a s io n  by th e  s in u s  in to  
t h e  m asto id  o r  squam osa l, o r  both (see  e x te n s iv e  rev iew  o f  
such  c a v i t i e s  and s in u s e s  in  Van de r  Klaauw, 1931: 8 1 -9 2 ) .  
No such in v a s io n  o r  ep itym pan ic  s in u s  i s  e v id e n t  in  th e  
Nim ravidae e x c e p t  in  B a r b o u r o f e l i s . The l a t t e r  e x h i b i t s  
an e x c a v a t io n  of th e  p o s te ro m e d ia l  p o r t io n  o f  th e  m asto id  
p r o c e s s ,  p a r t i a l l y  w a lled  o f f  by an i n t e r n a l  c r i s t a  in  t h e  
b u l l a .
The shape o f  any e x c a v a t io n  in to  th e  m asto id  w i l l  be
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a f u n c t io n  o f th e  s i z e  and shape o f  t h e  m asto id  a s  w ell a s  
o f  th e  s i z e  o f  th e  e x c a v a t io n  i t s e l f  and th e  deg ree  of 
c lo s u r e  o f  th e  e n t r a n c e  to  th e  sep tum . I  s e e  very  l i t t l e  
d i f f e r e n c e  between t h e  c a v i ty  in  B a rb o u ro fe l  i s  and t h a t  in  
Sm ilodon. f o r  exam ple, ex cep t  f o r  th e  more pronounced 
c r i s t a  a t  th e  e n tra n c e  i n  th e  fo rm er .  The m asto id  s in u s ,  
when p r e s e n t  i n  m u s te l i d s ,  i s  more d o r s a l ly  p o s i t io n e d  
because  th e  m asto id  i t s e l f  i s  e n la rg e d  l a t e r a l l y  i f  a t  
a l l ,  and no t v e n t r a l l y  a s  in  s a b e r to o th e d  c a r n i v o r a n s .  I  
have n o t  seen th e  e x t e n t  o f  th e  s in u s  in  m u s t e l i d s ,  and 
t h e r e f o r e  do n o t  know w e ll  th e  v a r i a t i o n  and d i s t r i b u t i o n  
o f t h i s  f e a t u r e .  Not on ly  do th e  d i f f e r e n c e s  a p p a re n t  
between th e  s a b e r to o th e d  c a rn iv o ra n s*  m asto id  s in u s  and 
th e  m u s te l id s*  argue a g a i n s t  t h e i r  be ing  th e  same s t a t e ,  
b u t  th e  r e l a t i o n s h i p  o f  t h i s  f e a t u r e  t o  th e  m astoid 
s u g g e s t s  t h a t  f u r t h e r  a n a l y s i s  w i l l  depend on a th o rough  
a n a l y s i s  o f  th e  d i f f e r e n t  c o n d i t io n s  o f  th e  whole p a r s  
m as to idea  o f  th e  p e t r o s a l .
O ut-group com parison g e n e r a l ly  i n d i c a t e s  t h a t  such 
s in u s e s  a re  d e r iv e d  (bu t from t h e i r  w idesp read  
d i s t r i b u t i o n  w i th in  E u th e r i a ,  m u l t ip ly  d e r iv e d  i f  one 
a c c e p ts  th e  broad  p h y lo g e n e t ic  g r o u p in g s ) . I t  i s  
i n t e r e s t i n g  t o  n o te  t h a t  Hvaenodon c r u c ia n s  has an 
ep ity m p an ic  s in u s  ex cav a ted  in  th e  m a s to id ,  c l e a r l y  more 
d o r s a l  th an  t h e  s in u s  in  Ba r b o u r o f e l i s ; a m asto id  
ep ity m p an ic  s in u s  has n o t  been p re v io u s ly  r e p o r te d  f o r
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t h i s  g e n u s ,  to  my know ledge. T h e re fo re  t h i s  i s  a f e a t u r e  
f o r  which th e  n im ra v id s  have a c o n d i t io n  p r i m i t i v e  f c r  th e  
C a rn iv o ra ,  and f o r  which some o th e r  c a r n iv o r a n s  i n d i c a t e  a 
d e r iv e d  c o n d i t i o n .  T h ere  i s  some e v id e n ce  from c h a r a c t e r  
a n a l y s i s  a g a in s t  c o n s id e r in g  t h e  m u s te l id  m asto id  s in u s  
t h e  same s t a t e  a s  t h a t  o c c u r r in g  e ls e w h e re ,  a l th o u g h  th e  
more c o n s e r v a t iv e  a l t e r n a t i v e  i s  d e p ic te d  in  F ig u re  58.
1 7 . Many c a r n iv o ra n s  have c r i s t a e  and s t r u t s  on th e  
i n s i d e  o f  th e  en to tym pan ic  p o r t io n  of th e  b u l l a ,  u s u a l ly  
q u i t e  v a r i a b l e  i n  p o s i t i o n  and deg ree  of deve lopm ent. 
N im ravids (ex c lu d in g  Ba r b o u r o f e l i s ) a r e  e x c e p t io n a l  among 
c a r n iv o r a n s  in  t h a t  t h e  i n t e r n a l  s u r f a c e  o f  th e  o s s i f i e d  
p o r t io n  o f  th e  e n to ty m p an ic  i s  always sm ooth, w ith o u t  
c r i s t a e .  In  t h i s  f e a t u r e ,  Barbour o f e l i s  i s  much more l i k e  
o th e r  c a r n iv o r a n s  in  e x h ib i t i n g  s e v e r a l  t h i n  c r i s t a e  
p e rp e n d ic u la r  to  th e  b u l l a r  w a l l .  The f e l o i d s ,  c a n id s ,  
p ro c y o n id s ,  and u r s i d s  have such c r i s t a e  much l e s s  o f te n  
th an  th e  m u s te l id s ,  and a r e  s a id  by some a u th o r s  t o  lack  
them a l t o g e t h e r ,  a l th o u g h  th ey  a r e  in  f a c t  o c c a s io n a l ly  
p r e s e n t .
Because o f  th e  v a r i a b i l i t y  in  th e  s i z e  and p o s i t i o n
V
o f th e  s e p t a ,  and th e  u n c e r t a i n t y  abou t t h e i r  mode or 
modes o f developm ent, t h e  number of d i s t i n c t  c h a r a c t e r  
s t a t e s  p r e s e n t  i n  th e  C arn ivo ra  (or s t a t e d  i n  r e v e r s e ,  th e  
l e v e l  o f  homology among th e  c o n d i t io n s  obse rved )  i s  no t a t  
a l l  c l e a r .  I  h y p o th es iz ed  th e  septum b u l l a e  and c a n id
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septum (d isc u sse d  under number 11 above) t o  be d e r iv e d  
c o n d i t io n s  on th e  b a s i s  o f t h e i r  d i s t i n c t i v e n e s s —i . e .  
very  l im i te d  d i s t r i b u t i o n .  U n t i l  th e  p r e c i s e  c h a r a c t e r  
s t a t e s  a r e  de te rm ined  f o r  th e s e  a d d i t i o n a l  p a r t i a l  s e p ta ,  
i f  such i s  even p o s s i b l e ,  one can n o t  h y p o th e s i2e how 
w ide ly  d i s t r i b u t e d  w i th in  th e  E u th e r ia  a r e  th e  c o n d i t io n s  
in  c a r n iv o r a n s :  Van der Klaauw (1931: 214-225) reco rd ed
such v a r i a b l e  s e p ta  and c a n c e l lo u s  bone in  a g r e a t  
d i v e r s i t y  o f  mammals. I  t h e r e f o r e  have no h y p o th e s is  o f 
p o l a r i t y  f o r  t h i s  f e a t u r e ,  nor even any c e r t a i n t y  t h a t  
t h i s  c o n d i t io n  i s  on ly  one f e a t u r e .
1 8 .  In  n im ra v id s  (excep t B a r b o u r o f e l i s ) . no t  only i s  
t h e  a u d i to r y  r e g io n  i n c r e a s in g l y  l a t e r a l l y  compressed in  
t h e  more s a b e r to o th e d  fo rm s, b u t  th e  p e t r o s a l s  a re  
r e c e s s e d  d o r s a l  t o  t h e  main l e v e l  o f  t h e  b a s i o c c i p i t a l .
The a p p a re n t  r e c e s s i o n  i s  e x ag g e ra ted  by th e  v e n t r a l  
e x te n s io n  o f  t h e  m asto id  p r o c e s s ,  th e  p e d e s t a l l i n g  of th e  
g le n o id ,  and th e  v e r t i c a l  f l a n g e s  on th e  m argins o f  the  
b a s i o c c i p i t a l  and b a s is p h e n o id .  However, in  th e  l e a s t  
m od if ied  fo rm s , D i n i c t i s  and Nim ravus. t h e  p e t r o s a l s  a re  
c l e a r l y  re c e s se d  and th e  a u d i to r y  c a v i ty  r e l a t i v e l y  deep, 
when compared w ith  t h e  a u d i to r y  c a v i t i e s  o f  m ia c id s ,  or 
any e x ta n t  c a rn iv o ra n  in  which t h e  b u l l a  h as  been removed. 
(The e x ta n t  c a r n iv o r a n s  do d i f f e r  from th e  m iac ids  in  t h a t  
t h e  m asto id  and p a r o c c i p i t a l  p ro c e s s e s  o f  th e  fo rm er a re  
more c l o s e l y  a s s o c i a t e d  w ith  th e  a u d i to ry  re g io n  and
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u s u a l ly  have f a c e t s  a t  l e a s t  on th e  d o r s a l ,  basa l p o r t io n  
o f  each p ro c e s s  where i t  cups th e  b u l l a ,  e v e r  i f  o n ly  
s l i g h t l y . )
As I  p r e s e n t ly  am c o n s id e r in g  i t ,  th e  d e f i n i t i o n  o f
t h i s  f e a t u r e  i s  r e l a t i v e l y  s im p le :  i t  i s  m erely  t h e
r e l a t i v e  l e v e l  o f  th e  promontorium v e rsu s  t h e  c e n t e r  of 
t h e  b a s i o c c i p i t a l  (no t r e l a t i v e  t o  th e  f l a n g e s ) * The main
q u e s t io n ,  t h e n ,  i s  t h e  p o l a r i t y  o f  th e  s t a t e s  o f  t h i s
f e a t u r e s  M arsu p ia ls  ( D id e lp h is ) , l ip o ty p h la n s  (E r in a c e u s . 
Sorex) . c re o d o n ts  (Hvaenoaon) . m ia c id s ,  and a l l  o th e r  
c a rn iv o ra n s  examined have sha llow  a u d i to r y  r e g io n s .  The 
d i s t r i b u t i o n  o f  t h i s  f e a t u r e  o ve r  o n to g e n e t ic  sequences i s  
n o t  known f o r  ta x a  w ith  d eep ly  r e c e s s e d  a u d i to ry  r e g io n s ,  
b u t  in  o t h e r  t a x a ,  i s  sha llo w  from very  e a r l y  s t a g e s  on 
( e .g .  see  F ig u re  5 2 ) .  T h e r e fo r e ,  I  conc lude  t h a t  t h i s  
f e a t u r e  i s  a s p e c i a l i z a t i o n  o f  t h e  N im ravidae;
1 9 .  The grooves on th e  v e n t r a l  s u r f a c e  of th e  
p e t r o s a l  have been d is c u s s e d  above under number 115,  
because  th ey  a r e  p redom inan tly  s i g n i f i c a n t  in  a 
r e c o n s t r u c t i o n  o f  th e  blood v e s s e l s  and n e rv es  of th e  
r e g i o n .  None in  th e  n im ra v id s ,  nor indeed  in  th e  
C a rn iv o ra  t o  my knowledge, a r e  c lo se d  over t c  form c a n a ls  
as  a re  o f t e n  found in  P r im a tes  and o th e r  a rch o n tan  g roups. 
The i n t e r p r e t a t i o n  o f  th e  g rooves  i s  p ro b le m a t ic a l :  Hunt
(1974a) found grooves a c ro s s  th e  promontorium in  a v a r i e ty  
o f  c a rn iv o ra n  tax a  ( e . g . ,  N a n d in ia , h e r p e s t i n e s ,  Ursus
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a m e r ic an u s ,  f i i l u r u s ,  Gulo, o t a r i i d s ,  and h y a e n id s ) , but 
su b seq u en t  s t u d i e s  o f  th e  blood v e s s e l s  them selves have 
f a i l e d  t o  show any t r a c e  o f  a prom ontory  a r t e r y  (Bugge, 
1 9 7 8 ) .  I  c o n s id e r  t h i s  more s i g n i f i c a n t  th a n  Conroy and 
W ib le 's  (1978) f i n d in g s  f o r  Lemur (see  d is c u s s io n  under 
number 1 5 ) ,  because  in  th e  c a r n iv o r a n s ,  a more m ed ia l ly  
p la c e d  branch  i s  c l e a r l y  dem ons tra ted  ( i t s  hom ologies w i l l  
be d is c u s se d  under number 2 2 ) ,  so  t h a t  even i f  only  the  
i n t e r n a l  c a r o t id  n e rv e  t r a v e le d  in  th e  groove on t h e  
prom ontorium , even t h a t  would be a m ajor blow to  t h e  most 
r e c e n t  c o n c e p ts  o f  t h e  c a r o t i d  p a t t e r n  ( P r e s le y ,  1979) and 
a r t e r y - n e r v e  . r e l a t i o n s h i p s  (MacPhee, 1 9 8 1 ) .  What i s  more 
l i k e l y  i s  t h a t  any o f  th e  sm a ll  n e rv e s  o r  a r t e r i e s  in  th e  
e a r ,  l i k e  th o s e  S to ry  (1951) found in  th e  raccoon and 
D avis and S to ry  (19U3) in  th e  d o m estic  c a t ,  may be cau s in g  
t h e  s m a l l ,  f a i n t  g rooves  we a r e  s e e in g  on th e s e  
p ro m o n to r ia ,  which g r e a t l y  weakens th e  u s e fu ln e s s  o f  
g rooves  in  deducing  t h e . c a r o t i d  p a t t e r n .
I t  was t h e  p resen ce  o f  such grooves on the  
promontorium t h a t  formed th e  e v id en ce  f o r  Matthew’s  th r e e  
branched c a r o t id  morphotype (d isc u sse d  b e lo w ); I  have 
n o ted  f a i n t  g rooves  i n  an in te r m e d ia te  p o s i t io n  on th e  
promontorium o f  s e v e r a l  m ia c id s ,  bu t  have n ever  s e e n  one I  
cou ld  i d e n t i f y  a s  a s u lc u s  fo r  a s t a p e d i a l  a r t e r y ,  find o f  
c o u r s e ,  t h e r e  was n ever  any d i r e c t  ev id en ce  fo r  a m edial 
b ranch  o f  th e  i n t e r n a l  c a r o t i d  a r t e r y  in  m iac id s
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com parab le  t o  t h a t  in  t h e  s k e l e to n  of e x ta n t  c a rn iv o ra n s  
s i n c e  t h e r e  have n ever  been b u l l a r  e lem en ts  found in  
m ia c id s .
I  co n c lu d e  from t h i s  a n a l y s i s  t h a t  t h e s e  g rooves  a re  
n o t  a p a r t i c u l a r l y  u s e f u l  f e a t u r e  i n  them se lves  (and have 
t h e r e f o r e  no t in c lu d ed  them as  a s e p a r a t e  c h a r a c t e r  in  t h e  
p h y lo g e n e t ic  a n a l y s i s ) ,  and t h a t  t h e i r  i n t e r p r e t a t i o n  in  
e v a l u a t i o n  of o th e r  r e l a t e d  f e a t u r e s  must be done w ith  
c a u t io n .
20 . A w ell  d e f in e d  deep e r  po ck e t  was p r e s e n t  in  th e  
p o s te ro m e d ia l  p o r t io n  of th e  e p ity m p an ic  r e c e s s  in  
D i n i c t i s . Nim ravus. and Hoplo p h o n eu s . One was n o t  e v id e n t  
i n  th e  s i n g l e  s k u l l  o f  E usm ilus a v a i l a b l e ;  a lth o u g h  the  
e a r  r e g io n  was very  compressed and th e  ro o f  d i f f i c u l t  to  
c le a n  c o m p le te ly ,  th e  e p ity m p an ic  r e c e s s  i s  a c c e s s ib le  
enough t h a t  I  judge t h a t  a t y p i c a l ,  w e l l  d e f in e d  secon dary  
po cket t o  be t r u l y  a b s e n t  in  t h i s  specim en . The r e c e s s  
i t s e l f  i s  a r a t h e r  odd sh a p e ,  however, w ith  a much deeper 
p o s t e r i o r  w a ll  th a n  seen  in  t h e  o th e r  n im ra v id s .  T h is  I  
do no t judge  t o  be t h e  homologue o f  t h e  pocke t f o r  th e  
p o s t e r i o r  c ru s  o f  th e  in c u s  b e ca u se  i t s  p o s i t i o n  and 
o r i e n t a t i o n  a r e  q u i t e  d i f f e r e n t ,  compared w ith  th e  
c o n s i s te n c y  o f  th e  p o s i t i o n  in  t h e  o th e r  n im ra v id s ,  and i t  
i s  n o t  n e a r ly  as s h a rp ly  d e l i m i t e d .
An i d e n t i c a l  p ocke t i s  p r e s e n t  i n  th e  ep itym pan ic  
r e c e s s  o f  p ro c y o n id s .  (This p ro v id e s  an o p p o r tu n i ty  to
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t e s t  by d i s s e c t i o n  t h e  i d e n t i f i c a t i o n  o f  t h i s  secon dary  
r e c e s s  a s  t h e  s i t e  o f  a t ta c h m e n t  of th e  l ig a m e n t  t o  the  
p o s t e r i o r  c ru s  o f  th e  i n c u s . )  I  have not seen  t h i s  pocket 
e ls e w h e re ,  and B runet (1967) m entioned i t  o n ly  fo r  
p ro c y o n id s .  Van der Klaauw (1931) made no m ention o f  i t  
a t  a l l .  From t h i s  l im i te d  d i s t r i b u t i o n ,  I  h y p o th e s iz e  
t h a t  i t  i s  a d e r iv e d  f e a t u r e .  I  have no r e l e v a n t  
o n to g e n e t i c  in fo r m a t io n ,  n o r  any ev id en ce  of s t r u c t u r a l  
l i m i t a t i o n s  on t h i s  f e a t u r e .  As i s  t h e  c a se  with many of 
th e  c h a r a c t e r s  d is c u s s e d  h e r e ,  i t s  d i s t r i b u t i o n  w i th in  th e  
C a rn iv o ra  shou ld  be more th o ro u g h ly  e v a l u a t e d .
21 . A ll  o f  th e  n im rav id s  s tu d ie d  h e re  showed some 
c h a n n e l ,  s u l c u s ,  o r  c a n a l  in  t h e  a n te ro m e d ia l  c o rn e r  of 
th e  a u d i to r y  r e g io n  t h a t  c o u ld  be i n t e r p r e t e d  a s  a passage  
f o r  an a n a s to m o tic  branch  o f  th e  a scen d in g  p h a ry n g e a l  
a r t e r y .  These c h a n n e ls  alw ays r a n  from some p o in t  v e n t r a l  
and a n t e r i o r  tow ards th e  i n t e r n a l  c a r o t i d  foram en. The 
o n ly  s t r u c t u r e  t h a t  t r a v e r s e s  such a passag e  in  e x t a n t  
c a r n iv o r a n s  i s  t h e  a n as to m o s is  between th e  a sc e n d in g  
ph a ry n g ea l  a r t e r y ,  v e n t r a l  to  t h e  b u l l a ,  and th e  a n t e r i o r  
p o r t io n  o f  th e  i n t e r n a l  c a r o t i d  a r t e r y ,  s p e c i f i c a l l y  a t  
t h e  loop o f  t h e  c a r o t i d  in  th e  i n t e r n a l  c a r o t i d  foram en. 
The major d i f f e r e n c e  I  have no ted  between t h e  n im rav id  
c o n d i t io n  and t h a t  o f  th e  e x ta n t  c a rn iv o ra n s  with an 
a sce n d in g  ph a ryngea l a n as to m o sis  o f a s i g n i f i c a n t  s i z e  i s  
t h a t  in  n im ra v id s ,  when th e  channe l i s  c lo s e d  over i n to  a
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c a n a l ,  in  some forms t h i s  foramen ap p ea rs  t o  be su rrounded  
by th e  p o r t io n  o f  th e  b a s isp h e n o id  produced i n t o  a 
b u t t r e s s .  In  e x ta n t  c a r n iv o r a n s ,  th e r e  i s  sometimes a 
foramen in  t h i s  p o s i t i o n ,  a l s o  t h e  end o f  a d o r s a l ly  
d i r e c te d  channe l ru n n in g  t o  th e  i n t e r n a l  c a r o t i d  foram en, 
b u t  because  t h e  a n te ro m e d ia l  c o rn e r  o f  th e  b u l l a  p roduces 
an a n te ro m e d ia l  p ro c e s s  i n  p la c e  of t h e  b a s isp h e n o id  
b u t t r e s s  seen in  n im ra v id s ,  t h e  foramen in  t h e  e x ta n t  
c a rn iv o ra n s  i s  bounded by b u l la  r a t h e r  than  b a s isp h e n o id .  
S ince  th e  d i f f e r e n c e  in  bounding e lem en ts  i s  c l e a r l y  
r e l a t e d  to  a c o n s i s t e n t  d i f f e r e n c e  between n im rav id s  and 
t h e  e x t a n t  c a rn iv o ra n s  i n  a n o th e r  f e a t u r e ,  and th e  
f u n c t i o n a l ,  t o p o lo g i c a l  r e l a t i o n s h i p s  o f  th e  foramen or 
groove remain th e  same, I  do no t c o n s id e r  t h i s  a 
p a r t i c u l a r l y  s t ro n g  p o in t  r e f u t i n g  th e  i d e n t i f i c a t i o n  o f  
t h e  passage  a s  t h a t  f o r  th e  a scen d ing  p h a ry g ea l  
a n a s to m o s is .  I t  i s  i n t e r e s t i n g  to  n o te  t h a t  
B arbourof e l i s .  th e  one supposed n im ravid  w ith  an 
a n te ro m e d ia l  p ro c e ss  r a t h e r  th a n  a b a s isp h e n o id  b u t t r e s s ,  
a l s o  i 6  t h e  one genus t o  e x h i b i t  a v e n t r a l -m o s t  foramen 
bounded by b u l la  r a t h e r  than  b a s is p h e n o id .
T h is  anas tom o sis  between t h e  ascend in g  pharyngeal 
a r t e r y  and th e  i n t e r n a l  c a r o t id  a r t e r y  i s  3ugge*s (1978) 
a n as to m o sis  Y, which he has dem on s tra ted  in  a few ro d e n ts  
(Bugge, 1974), ana s e v e r a l  c a r n iv o r a n s .  I t  was weak and 
i n c o n s i s t e n t l y  p r e s e n t  i n  Procyon and Nasua, and v a r i a b ly
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p r e s e n t  i n  m u s te l id s ,  most s t r o n g ly  deve loped  in  l u t r i n e s .  
I  have observed  w i th in  L u tra  a lw ays a c l e a r  passage  fo r  
t h i s  a n as to m o s is ,  and sometimes a foramen e n t i r e l y  w ith in  
t h e  a n t e r i o r  c o rn e r  o f  th e  b u l l a  fo r  t h e  d o r s a l  p a ssag e  of 
t h e  v e s s e l  to  th e  b a s isp h e n o id  c h a n n e l .  Bugge (1978: 52) 
no ted  an ex trem ely  i n t e r e s t i n g  c o n t r a s t  between th e  
h e r p e s t i d s  (h is  " h e r p e s t i n e s ” s in c e  he was re c o g n iz in g  
o n ly  t h e  fam ily  V iv e r r id a e  f o r  bo th  v i v e r r i d s  and 
h e r p e s t id s )  and th e  p a ra d o x u r in e s :  t h e  h e r p e s t i d s  had a
s t r o n g  anas to m osis  Y, developed i n t o  an a r t e r i a l  r e t e ,  
whereas th e  p a ra d o x u r in e s  had o n ly  a very  weakly developed  
a n as to m o sis  i f  one a t  a l l .  He re p o r te d  an an as to m o sis  Y 
c o n s i s t e n t l y  p r e s e n t  in  hy aen id s  and f e l i d s ,  bu t • 
c o n s id e re d  i t  f u n c t i o n a l l y  u n im p o r ta n t ,  in  c o n t r a s t  to  
Davis and S t o r y 's  (19U3) a n a l y s i s  o f  th e  dom estic  c a t ,  in  
which th e y  cons idered  th e  a sce n d in g  p h a ry n g ea l  a r t e r y  to  
have ta k e n  over  th e  main i n t r a c r a n i a l  s u p p ly .  In  s h o r t ,  
t h e  o n ly  c a rn iv o ra n s  in  which Bugge d id  not r e p o r t  a t  
l e a s t  a weak an as tom o sis  Y a re  u r s id s  and c a n id s ,  b u t  he 
c o n s id e re d  th e  a n as to m o sis  f u n c t i o n a l l y  im p o r tan t  o n ly  in  
t h e  h e r p e s t id s  (1978: 5 9 ) .
I f  an a n te ro m e d ia l  ch ann e l i s  a ccep ted  as ev idence  o f  
an anas tom o sis  from t h e  a sce n d in g  ph aryngeal a r t e r y  in  
f o s s i l  fo rm s, then t h e  d i s t r i b u t i o n  o f  th e  an as to m o sis  Y 
does in c lu d e  t h e  c a n id s  and u r s i d s :  such a channel i s
v i s i b l e  i n  Hesperocvon and C eph a lcg a le .  O ther a u th o r s
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have found th e  an as to m o sis  in  e x t a n t  C ah is  and Vulpes a s  
w e l l ,  u r s i d s ,  and a l a r g e  one in  Pan thera  p a rd us  (see  
rev iew  by C a r tm i l l ,  1975: 3 1 9 ) ,  This a n a s to m o s is ,  th e n ,  
i s  a p p a re n t ly  found i n  most o r  a l l  of th e  f a m i l i e s  o f  
C a rn iv o ra ,  and would t h e r e f o r e  seem t o  be a c h a r a c t e r i s t i c  
o f th e  o r d e r  a t  a f a i r l y  h igh  l e v e l  ( i f  t h e  f a m i l i a l  
g ro u p in g s  a r e  a ccep ted )  a s  C a r tm i l l  (1975) i n f e r r e d . 
However, t h e  c o n d i t io n  in  m ia c id s  and v iv e r r a v id s  i s  
unknown: t h e r e  i s  no ev id e n ce  f o r  th e  p re sen c e  o f  an
a n a s to m o s is ,  b u t  s in c e  i t  i s  p o s s ib l e  t h a t  t h e  p a ssa g e  was 
l a r g e l y  b u l l a r  and n o t  c h a n n e l le d  i n t o  t h e  b a s is p h e n o id ,  
t h e  l a c k  o f  a c l e a r l y  d e f in e d  s u lc u s  i s  n o t  c o n c lu s iv e .  
Bugge (1974) found t h i s  an as to m o sis  o u t s id e  the  C a rn iv o ra  
on ly  in  a few r o d e n t s .  C a r tm i l l  (1975), i n  h is  rev iew  o f  
t h e  a scen d in g  pha ryngeal a r t e r y  in  o th e r  mammals, no ted  
t h e  absence  o f  an anas to m osis  i n  R a t tu s , Orvc t o l a g u s ,  and 
most a d u l t  u n g u la te s ,  b u t  i t s  p re se n c e  in  f e t a l  sheep  and 
a d u l t  dom estic  p i g .  He a l s o  p re s e n te d  conv inc ing  
argum ents t h a t  S a b a n 's  (1963) a n t e r i o r  c a r o t i d  a r t e r y  in  
c h e i r o g a l i d s  and l o r i s e s  i s  r e a l l y  an a n as to m o tic  branch 
o f  th e  a scen d ing  p h a ry n g ea l  a r t e r y .
Both C a r tm i l l  (1975) and MacPhee (1981) agreed  th a t  
th e  p re se n c e  o f  an a n as to m o sis  Y in  t h e  a d u l t  i s  a d e r iv e d  
c o n d i t i o n ,  based p r im a r i ly  on th e  r e s t r i c t e d  d i s t r i b u t i o n  
o f  th e  f e a t u r e :  i t  i s  a p p a r e n t ly  a novel f e a t u r e  w i th in
e u t h e r i a n s ,  t h e r e  o c c u r r in g  i n  on ly  th e  few forms
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page U29
m entioned above. The o n to g e n e t i c  e v id e n ce  i s  l e s s  
s t r a i g h t f o r w a r d .  C a r tm i l l  (1975: 326) su g g e s te d  t h a t  th e  
a n as to m o s is  may be u n i v e r s a l l y  p r e s e n t  e a r l y  in  
developm ent i n  a l l  mammals, and t h a t  r e t e n t i o n  i s  
d e r iv e d — i . e .  n e o te n y ,  an ad hoc h y p o th e s is  to  accomodate 
t h e  f a i l u r e  o f  t h e  o n to g e n e t i c  e v id en ce  t o  a g re e  w i th  th e  
r e t a in e d  h y p o th e s is  o f  p o l a r i t y .  MacPhee (1991: UO) was 
more c o n s e r v a t iv e  a n d ,  w hile  a g re e in g  w ith  th e  h y p o th e s is  
t h a t  t h e  anastom osis  i s  a d e r iv e d  f e a t u r e ,  su g g e s te d  t h a t  
th e  e m b ry o lo g ic a i  d a ta  a re  to o  in co m p le te  t o  r e q u i r e  a 
h y p o th e s is  o f  n e o te n y .
In  e i t h e r  c a s e ,  th e  p re se n c e  o f  an as to m o sis  Y ap p ea rs  
t o  be a d e r iv e d  c h a r a c t e r  u n i t i n g  most i f  n o t  a l l  o f  th e  
C a rn iv o ra  (c o n d i t io n  in  m iac id s  and v i v e r r a v i d s  unknown). 
W ith in  t h e  C a rn iv o ra ,  t h e  c l e a r l y  d e r iv e d  c o n d i t io n  i s  t h e  
n ove l f e a t u r e  in  h e r p e s t i d s :  th e  r e t e  d e s c r ib e d  by Bugge
(1978) i s  a p p a re n t ly  an autapomorphy f o r  a t  l e a s t  p a r t  o f  
t h e  fam ily*  S ince  t h e  o n l y  o c c u rre n c e  o f  a d e riv ed  s t a t e  
of t h i s  c h a r a c t e r  w i th in  C a rn iv o ra  i s  in  a n o th e r  fam ily  a t  
a f i n e r  l e v e l  o f  a n a l y s i s  th a n  t h i s  o n e ,  I  have o m it te d  
t h i s  c h a r a c t e r  from th e  c h a r t  i n  F ig u re  58.
22. A ll  p re v io u s  d i s c u s s io n s  of th e  nim ravid  
basicranjium  have i d e n t i f i e d  a l a r g e  p o s te ro m e d ia l  foramen 
as  th e  p o s t e r i o r  c a r o t i d  fo ram en , no ted  t h a t ,  a l th o u g h  
p o s t e r i o r l y  p la c e d ,  i t  i s  e n t i r e l y  s e p a r a t e  from th e  
p o s t e r i o r  l a c e r a t e  fo ram en , and t h a t  t h e  g e n e ra l  p a t t e r n
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of  fo ram ina  was r a t h e r  cano id  ( l a r g e  p o s t e r i o r l y  p laced  
p o s t e r i o r  c a r o t i d  and l a r g e  p o s tg le n o id  fo ram en). This 
i d e n t i f i c a t i o n  i l l u s t r a t e s  th e  outcome o f  t h e  use  o f  a 
morphotype a t  th e  l e v e l  o f  i d e n t i f i c a t i o n  o f  s t r u c t u r e s ,  
p a r a l l e l  to  th e  use o f  an a n c e s t r a l  morphotype to  a s s ig n  
p o l a r i t i e s .  In  c a m iv o r a n s ,  th e  b ig  foramen a t  th e  
p o s te ro m e d ia l  cp rn e r  o f  th e  b u l l a  i s  th e  p o s t e r i o r  
l a c e r a t e  foram en, any foramen nearby  ( p o s te r io r ly )  i s  th e  
h y p o g lo s s a l ,  and one a n t e r i o r l y  and m e d ia l ly ,  th e  
p o s t e r i o r  c a r o t i d .  T h is  i s  a morphotype a t  the  l e v e l  o f  
i d e n t i f i c a t i o n .  Level I I  in  F ig u re  1 5 .  I t  i s  a u s u a l ly  
u n te s te d  a ssu m p tio n , j u s t  as  th e  a n c e s t r a l  morphotype in  
c h a r a c t e r  15 was an u n t e s te d  assum ption  used to  a s s ig n  
p o l a r i t i e s  (Level I I I )  • I t  i s  w orth  n o t in g  t h a t  t h e  use  
o f  th e  a n c e s t r a l  morphotype o f t e n  caused  r e v i s io n  o f  
hom ologies a t  Level I I  so  t h a t  th e  i n t e r p r e t a t i o n  o f  th e  
morphology co rrespon ded  more c lo s e l y  w ith  t h e  morphotype 
( r e c i p r o c a l  i l l u m i n a t i o n ? ) ; in  a n a l y s i s  o f  f o s s i l  m a te r i a l  
e s p e c i a l l y ,  i n  which i n t e r p r e t a t i o n  i s  more o b v iou s ly  
re q u i r e d  even a t  Level I ,  in  j u s t  th e  d e te rm in a t io n c f  
m orphology, a tendency  t o  r e v i s e  th e  morphology i t s e l f  
might r e s u l t  from adheren ce  t o  a m orphotype. (This may 
have been th e  c ase  in  some p re v io u s  a n a ly s e s  o f th e  
sep tum —s e e  c h a r a c t e r  11 .)  But j u s t  a s  a w e ll  
c o r ro b o r a te d  a n c e s t r a l  morphotype i s  o f t e n  u s e fu l  i f  used 
kn ow ing ly , so  a hom ological morphotype i s  o f t e n  u s e f u l  to
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make th e  p ro ce ss  o f  i d e n t i f i c a t i o n  e f f i c i e n t .
I n t e r p r e t a t i o n  o f  n im rav id  b a s ic r a n ia  i l l u s t r a t e s  
some o f  t h e  in h e r e n t  d a n g e rs .  Problems a r i s e  when an 
an im al i s  s t u d ie d  t h a t  o n ly  s u p e r f i c i a l l y  f i t s  th e  
morphotype and th e  i d e n t i f i c a t i o n s  a r e  never t e s t e d .  Any 
i d e n t i f i c a t i o n  o f  a s t r u c t u r e  i s  a  h y p o th e s i s ,  not a f a c t ,  
and sh o u ld  be t e s t e d .  O m itt ing  B a r b o u ro fe l i s  from 
d i s c u s s io n  f o r  th e  moment, c o n s id e r  t h e  i d e n t i f i c a t i o n s  o f  
t h e  fo ram ina  i n  th e  n im rav id  b a s ic ra n iu m , t a k in g  Hough's 
(1953) d i s c u s s io n  as an exam ple . There were h i n t s  t h a t  
some odd f e a t u r e s  were p r e s e n t :  "The b a s i c r a n i a l  fo ram in a
of  th e  O ligocene  F e l id a e  a r e  a s  anomalous a s  th e  
s t r u c t u r e o f  t h e  a u d i to ry  r e g i o n " ( p .  9 9 ) .  Uhen a 
p ro b le m a t ic  p o in t  w ith  th e  i d e n t i f i c a t i o n  a p p e a re d ,  th e re  
was a tendency  to  r e v i s e  even L evel I  h y p o th eses—th e  
•o b s e rv e d '  morphology—t o  m inim ize c o n f l i c t  with th e  
m orphotypes: "The p o s t e r i o r  c a r o t i d  foramen and th e
foramen lacerum  p o s t e r iu s  a r e  s e p a r a t e  b u t  th ey  a r e  in  th e  
same r e l a t i v e  p o s i t io n  a s  in  th e  Canidae and may have been 
en c lo se d  in  a common f o s s a "  (p . 99) . F i n a l l y ,  c o n f l i c t i n g  
ev id e n ce  may be c i t e d  bu t never reco g n ized  a s  a 
c o n t r a d i c t i o n  of th e  i d e n t i f i c a t i o n :  "The c a r o t id  can a l
l i e s  i n  a d i s t i n c t  g roove in  th e  b a s i o c c i p i t a l  e x ten d in g  
from th e  foramen lacerum  medium t c  th e  p o s t e r i o r  m edial 
c o rn e r  o f  th e  b u l la ” (p. 103; em phasis mine) . ( J u s t i c e  
demands a comment abou t u s in g  Hough's work a s  an exam ple:
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i t  can be used th u s  o n ly  b ecau se  she d e s c r ib e d  more f u l l y  
th a n  was u su a l  both  t h e  morphology and h e r  i n t e r p r e t a t i o n s  
o f  i t ,  a s  w ell a s  he r  p h y lo g e n e t ic  c o n c lu s io n s .  So , 
a l th o u g h  I  d i s a g r e e  w ith  a number o f  h e r  hy p o th eses  a t  a l l  
l e v e l s  o f  a n a l y s i s ,  I  s t i l l  f i n d  her  work among t h e  most 
u s e f u l  in  some r e s p e c t s  because  o f  t h i s  r e l a t i v e  
c o m p le te n e s s .)
The r e s u l t  of t h e  u n q u e s t io n in g  use  o f th e  
hom olog ica l morphotype in  th e  a n a l y s i s  o f  th e  n im rav id  
b a s ic ra n iu m  was t h a t ,  f o r  o v e r  a c e n tu r y ,  th e  foramen 
a n te ro m e d ia l  t o  th e  p o s t e r i o r  l a c e r a t e  foramen was 
i d e n t i f i e d  a s  th e  p o s t e r i o r  c a r o t i d  and th e  a u d i to ry  
r e g io n  was c o n s id e re d  c a n o id .  S trong  e v id e n c e ,  however, 
i s  a v a i l a b l e  t h a t  t h i s  foramen i s  i n s t e a d  t h e  p e t r o b a s i l a r  
foram en,, a s e p a r a t e  e x i t  o f  t h e  p e t r o b a s i l a r  c a n a l ,  
th ro u g h  which ran  th e  i n f e r i o r  p e t r o s a l  venous s i n u s .
Given th e  two com peting h y p o th e s e s ,  what i s  the  ev id e n ce  
f o r  each?
E vidence  t h a t  th e  m ed ia l  c h an n e l  housed th e  i n t e r n a l  
c a r o t i d  a r t e r y :
The to p o lo g ic a l  c r  s t r u c t u r a l  ev idence  i s  t h a t  
u n d e r ly in g  th e  hom olog ical m orphotype. The w ell d e f in e d  
open in g  o f  th e  m edial channe l form s a foramen a n t e r i o r  and 
m ed ia l t o  th e  p o s t e r i o r  l a c e r a t e  foram en. I t  i s  s e p a r a te d  
from th e  p o s t e r io r  l a c e r a t e  foramen by a bony abutm ent 
between th e  o c c i p i t a l  and th e  en to tym pan ic  v e n t r a l l y  and
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t h e  p e t r o s a l  d o r s a l l y .  Although th e  p o s t e r i o r  c a r o t i d  
foram en e lsew h ere  in  e u th e r i a n s  does n o t  e m arg in a te  th e  
b a s i o c c i p i t a l  in  th e  fash ion , seen  h e r e ,  c e r t a i n l y  fo ram ina  
conveying  c a r o t i d s  a r e  bounded by both  b a s i o c c i p i t a l  and 
b u l l a  (such a s  in  h e r p e s t i d s  and v i v e r r i d s ) .
The com parative  e v id en ce  t h a t  su p p o r ts  th e  
t r a d i t i o n a l  i d e n t i f i c a t i o n  i s  t h e  o b s e rv a t io n  t h a t  no 
r e c e n t  mammal i s  known to  have a bony s e p a r a t io n  between 
th e  p o s t e r i o r  a p e r tu r e  o f  th e  p e t r o b a s i l a r  c a n a l  and th e  
p o s t e r i o r  l a c e r a t e  fo rm en . A lso ,  a m edial branch o f  
i n t e r n a l  c a r o t id  a r t e r y  i s  p r e s e n t  in  a lm ost a l l  o th e r  
c a r n iv o r a n s ,  so  i t  was c e r t a i n l y  exp ec ted  in  n im rav id s  i f  
th e y  were t o  f i t  w e l l  w i th in  t h e  C a rn iv o ra .  I  do n o t  
c o n s id e r  t h i s  a v a l id  a rgum ent, however, i f  our g o a l  i s  t o  
deduce t h e  p h y lo g e n e t ic  r e l a t i o n s h i p s .
E vidence  t h a t  th e  m edia l ch an n e l housed th e  i n f e r i o r  
p e t r o s a l  s i n u s :
T o p o lo g ica l  and s t r u c t u r a l  ev id en ce  i s  found when one 
lo o k s  a t  t h e  s t r u c t u r e  and p o s i t i o n  o f  f e a t u r e s  o b v io u s ly  
r e l a t e d  t o  th e  f e a t u r e  be in g  i d e n t i f i e d ,  in  t h i s  c a s e ,  t h e  
c h an n e l  beh ind  th e  fo ram en . A d e e p ,  w e l l  d e f in e d  groove 
in  th e  b a s i o c c i p i t a l  i s  faced  f o r  p a r t  o f  i t s  l e n g th  by a 
s h a l lo w e r  s u lc u s  in  t h e  p e t r o s a l ,  th u s  form ing a 
p e t r o b a s i l a r  c a n a l .  There i s  no ch an n e lin g  in ,  o r  
a n t e r i o r  to  t h e  o p e n in g ,  any e n c lo s u r e  by t h e  
en to ty m p an ic .  The c h an n e l  i s  m ed ia l t o  th e  p e t r o s a l .
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between th e  p e t r o s a l  and th e  b a s i o c c i p i t a l ,  r a t h e r  than  
v e n t r a l  t o  th e  m edia l rim  o f  th e  p e t r o s a l .
Developm ental e v id e n c e  co m p le te ly  s u p p o r t s  t h e  
p e t r o b a s i l a r  c a n a l  i d e n t i f i c a t i o n .  In  mammalian embryos, 
t h e  i n t e r n a l  c a r o t id  i s  v e n t r a l  t o  th e  p e t r o s a l ,  and s t a y s  
v e n t r a l  t o  a t  l e a s t  th e  m edial rim  even when i t  moves t o  a 
"m ed ia l  p o s i t i o n "  (see  F ig u re  52) . The sp a c e  between 
b a s i o c c i p i t a l  and p e t r o s a l  i s  occup ied  by v e in s  d e s t in e d  
t o  fu s e  and form i n f e r i o r  p e t r o s a l  s in u s  (P re s le y ,  1979; 
a g a in  se e  F ig u re  5 2 ) .
F i n a l l y ,  th e  com para tive  e v id e n c e  s t r o n g ly  s u p p o r ts  
t h i s  r e - i d e n t i f i c a t i o n ,  b u t  th e  f a i l u r e  o f  most 
p a le o a n a to m is ts  t o  s e e  t h a t  r e f l e c t s  a ve ry  w idespread 
m isconcep tion  abou t t h e  s t r u c t u r e  o f  t h i s  r e g io n .  No 
r e c e n t  mammal i s  known to  have th e  i n t e r n a l  c a r o t id  a r t e r y  
in  a groove o r  c an a l  in  th e  b a s i o c c i p i t a l .  Ihe  a r t e r y  i s  
a lw ays v e n t r a l  t o  th e  p e t r o s a l ,  even i f  o n ly  to  t h e  
m ed ia l-m ost r im , and on ly  r i s e s  d o r s a l l y  a n t e r i o r  t o  th e  
p e t r o s a l .  In  e x ta n t  mammals, i f  a channel i n  th e  
b a s i o c c i p i t a l  i s  p r e s e n t ,  i t  i s  always ( to  my knowledge) 
occup ied  by th e  i n f e r i o r  p e t r o s a l  venous s i n u s .
E x te n s iv e  c o n fu s io n  a b o u t  th e  'bas ic  anatomy o f  the  
p a th s  o f  t h e  i n f e r i o r  p e t r o s a l  venous s in u s  and th e  
i n t e r n a l  c a r o t id  a r t e r y  has r e s u l t e d  bo th  in  a number o f 
m is s ta te m e n ts  about th e  s t r u c t u r e s  in  modern ta x a  and in  
numerous r e c o n s t r u c t i o n s  o f  f o s s i l  t a x a  which r e q u i r e
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h y p o th e s iz in g  r e l a t i o n s h i p s  among th e s e  s t r u c t u r e s  t h a t  
n ev e r  occu r in  e x ta n t  an im als  (a p ro ced u re  t h a t  i s  u su a l ly  
n o t  p a rs im o n io u s ) - I n  modern mammals w ith  a medial 
i n t e r n a l  c a r o t i d ,  th e  c a r o t id  i s  v e n t r a l  t o  th e  p e t r o s a l ,  
even i f  o n ly  t o  th e  m edia l rim o r  r o s t r a l  apex . The 
promontorium may p r o j e c t  below th e  l e v e l  o f  the  i n t e r n a l  
c a r o t i d ,  bu t  t h e  c a r o t i d  i s  s t i l l  v e n t r a l  t o  th e  p e t r o s a l  
u n t i l  i t  r e a c h e s  th e  i n t e r n a l  c a r o t i d  foram en. At t h i s  
p o i n t ,  t h e  i n t e r n a l  c a r o t i d  t u r n s  d o r s a l ly  and e n t e r s  t h e  
b r a in c a s e .
From a v e n t r a l  a s p e c t  when th e  b u l l a  i s  i n t a c t ,  th e  
pa th  o f  t h e  i n t e r n a l  c a r o t id  f i r s t  becomes v i s i b l e  in  bone 
a t  th e  p o s t e r i o r  c a r o t i d  fo ram en , e i t h e r  in  th e  b u l l a  o r 
between th e  b u l l a  and th e  b a s i o c c i p i t a l .  The a r t e r y  does 
n o t  c o n t in u e  d o r s a l ly  a t  t h i s  p o i n t ,  n o r  i s  i t  ’’between 
th e  p e t r o s a l  and th e  b a s i o c c i p i t a l " .  I t  ru n s  a n t e r i o r l y  
t o  t h e  i n t e r n a l  c a r o t i d  foram en, and th e n  t u r n s  d o r s a l l y .  
The i n f e r i o r  p e t r o s a l  venous s in u s  most o f t e n  l i e s  in  a 
s u lc u s  on th e  margins o f  th e  d o r s a l  s u r f a c e  of th e  
b a s i o c c i p i t a l ,  o r  i f  a channe l i s  formed between th e  
b a s i o c c i p i t a l  and p e t r o s a l ,  in  t h a t  c h a n n e l .  I  have found 
no e x ta n t  mammal in  which th e  passage  of th e  i n t e r n a l  
c a r o t i d  i s  w i th in  t h i s  c h a n n e l ,  e i t h e r  a lo n e  o r  i n s i d e  th e  
i n f e r i o r  p e t r o s a l  s i n u s .
U rs id s  p r e s e n t  a c o n d i t io n  t h a t  m ight be tak en  a t  
f i r s t  g la n c e  t o  be an e x c e p t io n  to  t h i s  g e n e r a l i z a t i o n :
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w ith in  t h e  l a r g e  p e t r o b a s i l a r  c a n a l  (see  F ig u re  5 6 ) ,  the  
i n f e r i o r  p e t r o s a l  s in u s  su r ro u n d s  a l a r g e  loop  of t h e  
i n t e r n a l  c a r o t id  a r t e r y .  (This was d e s c r ib e d  in  more 
d e t a i l  by H unt, 1977.) The im p o r ta n t  p o in t  i s  t h a t  th e  
p a th  o f  t h e  i n t e r n a l  c a r o t i d  from i t s  e n t r a n c e  p o s t e r i o r l y  
i n t o  t h e  tym panic r e g io n  forw ard  to  t h e  i n t e r n a l  c a r o t id  
foramen i s  e n t i r e l y  t y p i c a l ,  p a s s in g  th rough  a tu b e  in  t h e  
en to ty m p an ic  p o r t io n  o f  t h e  b u l l a  e n t i r e l y  v e n t r a l  t o  t h e  
p e t r o s a l .  I t  i s  on ly  a f t e r  e n t e r in g  th e  cranium  th rough  
t h e  i n t e r n a l  c a r o t id  foramen a n t e r i o r  to  th e  p e t r o s a l  t h a t  
t h e  c a r o t i d  t u r n s  p o s t e r i o r l y  a g a in .  The in t r a v e n o u s  loop  
i s  r e a l l y  a p o s t e r i o r  e x te n s io n  o f  th e  i n t r a c r a n i a l  
p o r t io n  o f  th e  c a r o t i d ,  from w i th in  th e  cavernous s i n u s .
A l l  p ub lished  a c c o u n ts  o f  b a s i c r a n i a l  anatomy t h a t  I  
have seen  f a l l  i n t o  two c a t e g o r i e s :  o ne , in  which th e
a u th o r  i s  r e p o r t i n g  on p a th s  o f  blood v e s s e l s  and n e rv es  
based on d i r e c t  o b s e rv a t io n  of d i s s e c te d  spec im ens , such 
a s  Gray’s  Anatomy (W illiam s and Warwick, 1980), M i l le r  e t  
a l .  (1964), Hunt and Korth (1980), or MacPhee (1 9 8 1 ) ,  and 
tw o , th o s e  in  which th e  a u th o r  i s  e i t h e r  e x p l i c i t l y  
p r e s e n t in g  a morphotype drawn from a s tu d y  o f  th e  
l i t e r a t u r e  o r  s k e le to n s  and f o s s i l s  o r  b o th ,  o r  i s  
r e c o n s t r u c t i n g  blood v e s s e l s  and ne rves  in  i n d iv i d u a l  t a x a  
based on s k e l e t a l  m a t e r i a l ,  w ith  a t  roost d r ie d  t i s s u e  i f  a 
modern, d e rm e s t id -p re p a re d  specim en , o r ,  in  th e  c a s e  of 
f o s s i l s ,  o f te n  in co m p le te  o r  d i s t o r t e d  spec im ens . None o f
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t h e  p u b l is h e d  a c c o u n ts  i n  th e  f i r s t  c a te g o ry  have e v e r  
d e s c r ib e d  an i n t e r n a l  c a r o t id  a r t e r y  i n  t h e  p e t r o b a s i l a r  
c a n a l  o r  s u l c u s ,  e i t h e r  a lo n e  o r  in  company with t h e  
i n f e r i o r  p e t r o s a l  s i n u s .  In  s h o r t ,  I  have n ev er  found any 
a cco u n t  o f  someone a c t u a l l y  s e in g  th e  i n t e r n a l  c a r o t i d  in  
t h a t  c a n a l .  The c l o s e s t  i s  P r e s le y  (1979) who i n i t i a l l y  
d e f in e d  th e  m edial p o s i t i o n  a s  b e in g  Min  th e  b a s i c a p s u l a r  
groove o r  f i s s u r e "  (p .  2 38 ) ,  b u t  by t h e  p lacem ent o f  th e  
v e s s e l  in  h i s  i l l u s t r a t i o n s  im p lied  t h a t  h i s  b a s ic a p s u la r  
groove i s  th e  trough  o r  d e p re s s io n  v e n t r a l  t c  th e  
p e t r o s a l - b a s i o c c i p i t a l  c o n ta c t ,  so  t h a t  t h e  a r t e r y  i s  
s t i l l  shown a lw ays v e n t r a l  to  t h e  m edial rim  of th e  
p e t r o s a l .  When he d e s c r ib e d  th e  placem ent o f  th e  i n t e r n a l  
c a r o t i d  l a t e r  (p 2 4 3 ) ,  he s a id  t h a t  i n  a d u l t s  t h e  v e s s e l  
"may u l t i m a t e l y  l i e  m ed ia l to  o r  w ith in  th e  w all o f  the  
tym panic c a v i t y ” , which of c o u rs e  would be v e n t r a l  to  th e  
p e t r o s a l .
Matthew (1909: 358) may have s t a r t e d  t h e  problem by 
h i s  r e c o n s t r u c t i o n  o f  V iv e rrav u s  m in u tu s : "The i n n e r
branch o f  th e  e n to c a r o t id  e n t e r s  between b a s i o c c i p i t a l  and 
p e t r o s a l  some d i s t a n c e  in  f r o n t  o f  th e  f oramen lacerum  
p o s t e r i u s . and presum ably p a sse s  forward to  th e  foramen 
lacerum  medium a s  u s u a l  among p r i m i t i v e  c a r n i v o r a , ” As i t  
s t a n d s ,  th e  d e s c r i p t i o n  does n o t  maKe t o t a l  se n se :  in to
where i s  th e  a r t e r y  e n t e r in g  i n i t i a l l y ?  I t  cannot be 
i n t r a c r a n i a l l y  because  th e  v e s s e l  s t i l l  has to  pass
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fo rw ard  t o  th e  foram en-lacerum  medium, which term Matthew 
was u s in g  f o r  th e  i n t r a c r a n i a l  e n t r a n c e  o f  th e  i n t e r n a l  
c a r o t i d  a r t e r y .  So p e rh a p s  he meant i n t o  a c a n a l ,  which 
would be o f  c o u rse  i n  th e  p o s i t i o n  of th e  p e t r o b a s i l a r  
c a n a l  i f  i t  i s  so  f a r  d o r s a l  a s  t o  be between th e  
b a s i o c c i p i t a l  and p e t r o s a l ?  such a c a n a l  i n  e x ta n t  forms 
does n o t  convey th e  i n t e r n a l  c a r o t i d .
Whether Matthew was th e  f i r s t  t o  make th e  e r r o r  o r 
n o t ,  i t  c e r t a i n l y  became embedded in  th e  morphotype taken 
from h i s  r e c o n s t r u c t i o n  of th e  v iv e r r a v id  and m iac id  
b a s ic ra n iu m . For exam ple, Novacek (IS80: 50) a l s o  s t a t e d  
t h a t  “ th e  m edial i n t e r n a l  c a r o t i d  a r t e r y  passed  between 
th e  p e t r o s a l  and th e  b a s i o c c i p i t a l  and b a s isp h e n o id  
b o n e s ."  Some of th e  v e rs io n s  o f  th e  morphotype have  
d e v ia te d  even f u r t h e r  from a n y th in g  observed  in  e x t a n t  
a n im a ls .  In  S za lay*s  (1975: 95) e u th e r i a n  m orphotype, f o r  
exam ple , th e  i n t e r n a l  c a r o t i d  was p ic tu r e d  runn ing  r i g h t  
n e x t  t o  th e  i n f e r i o r  p e t r o s a l  s i n u s ,  and was d e sc r ib e d  in  
t h e  t e x t  a s  " c o u rs in g  i t s  way between th e  p e t r o s a l  and th e  
b a s i o c i p i t a l  and b a s isp h e n o id  b o n e s ."  However, t h e  
i l l u s t r a t i o n s  shows t h e  i n f e r i o r  p e t r o s a l  s in u s  l y in g  
e x t r a c r a n i a l l y , e n t e r in g  th e  cranium  a t  t h e  "m edial 
c a r o t i d  foramen" w ith  th e  m edia l c a r o t id  a r t e r y ,  and 
p o s t e r i o r l y  e n t i r e l y  d i s t i n c t  from th e  "foram en lacerum  
p o s t e r i o r " ,  which i s  shown g iv in g  p assag e  to  th e  " i n t e r n a l  
j u g u la r  v e in " .  T his very  u nusu a l  p lacem ent of t h e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 439
i n f e r i o r  p e t r o s a l  venous s in u s  i s  no t ex p la in e d  in  th e  
t e x t .
Even human anatomy, t h e  most w e ll  known and b e s t  
documented, i s  s u b j e c t  t o  th e  same e r r o r :  M acIntyre
(1972: 291) su g g es ted  t h a t  th e  "m edia l b ranch  o f  t h e  
p r i m i t iv e  e n to c a r o t id  a r t e r y . . .m a y  have run  c o n c u r re n t ly  
o r  even c o a x ia l l y  w ith  th e  i n f e r i o r  p e t r o s a l  s in u s  vein  
(a s  does th e  human c a r o t i d ) , b u t  because i t  could w e ll  
have fo llow ed  a s e p a r a t e  and more v e n t r a l  p a th ,  t h a t  
g roove may be c a l l e d  th e  s u lc u s  m e d ia l i s  w ith o u t 
p r e j u d i c e . "  a c c o rd in g  t o  th e  d e s c r i p t io n  o f  th e  c a r o t i d ' s  
p a th  g iv en  in  W illiam s and Warwick (1980), th e  c a r o t id  i s  
e n t i r e l y  v e n t r a l  t o  and l a r g e l y  a n t e r i o r  t o  th e  i n f e r i o r  
p e t r o s a l  s i n u s ,  never  c o a x ia l  w ith  i t .  There  i s  a p lexus 
o f  sm a ll  v e in s  su r ro u n d in g  th e  a r t e r y  (p . 6 8 6 ) ,  bu t  the  
i n f e r i o r  p e t r o s a l  s in u s  i t s e l f  i s  d o r s a l ,  between th e  
b a s i o c c i p i t a l  and p e t r o s a l  bones (p. 749), and s e p a ra te d  
by bony p a r t i t i o n s  from th e  c a r o t i d  a r t e r y .  The a r t e r y  i s  
p a r t l y  su rrounded  by th e  cave rnou s  venous s in u s  
i n t r a c r a n i a l l y , which i s  th e  a n t e r i o r  s in u s  from which th e  
i n f e r i o r  p e t r o s a l  s in u s  ru n s  p o s t e r i o r l y ,  b u t  t h i s  i s  
e n t i r e l y  i n t r a c r a n i a l  and q u i te  a n t e r i o r  t o  th e  p e t r o s a l  
o r  i t s  a d ja c e n t  venous s i n u s .
The c o n d i t io n  o f  th e  i n f e r i o r  p e t r o s a l  s in u s  i n  th e  
dog i s  a p p a re n t ly  q u i t e  com parable to  t h a t  i n  Homo: a
sm a ll  venous s in u s  l i e s  in  th e  c a r o t id  c a n a l , b u t  t h e
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l a r g e r ,  i n f e r i o r  p e t r o s a l  venous s in u s  l i e s  in  th e  
p e t r o b a s i l a r  c a n a l  a s  i s  t y p i c a l  in  e u th e r i a n s .
C a r t m i l l ' s  (1975: 324) c o n fu s io n  abou t t h i s  c o n d i t io n  may 
have a r i s e n  from not r e a l i z i n g  t h a t  t h e  " v e n t r a l  p e t r o s a l  
s in u s "  o f  M i l le r  e t  a l .  (196h) i s  in  an e n t i r e l y  t y p i c a l  
ch an n e l  f o r  t h e  i n f e r i o r  p e t r o s a l  s i n u s ,  and t h a t  t h e  
" l a t e r a l l y  a d ja c e n t  and p a r a l l e l  c a r o t id  c a n a l"  i s  s t i l l  
q u i t e  v e n t r a l  to  th e  m edial rim  o f  t h e  p e t r o s a l .  Of 
c o u r s e ,  th e  p o s i t io n  o f  th e  v e s s e l s  i n  q u e s t io n  and the  
i d e n t i t y  o f  t h e  su rro u n d in g  bones p ro v id e  ev id en ce  f o r  t h e  
homology o f  th e s e  s i n u s e s ,  b e ly in g  C a r t m i l l ' s  s ta te m e n t  
t h a t  " t h e r e  i s  p r e s e n t ly  no e v id e n c e " .
F ig u re  53 i l l u s t r a t e s  two c r o s s  s e c t i o n s  th ro u g h  a 
b a s ic ra n iu m  o f  V iv e r r a . showing th e  more v e n t r a l  p o s i t i o n  
o f  th e  c a r o t i d  c a n a l .  I t  a l s o  shews th e  p e c u l ia r  p o s i t i o n  
o f  t h e  s o - c a l l e d  m edial i n t e r n a l  c a r o t id  in  c a rn iv o r a n s .
As d i s c u s s e d  by P re s le y  (1979), th e  c a r o t i d  in  t h i s  o rd e r  
i s  a c t u a l l y  in  a r a t h e r  in te r m e d ia te  p o s i t i o n ,  e n te r in g  
t h e  a u d i to r y  re g io n  q u i t e  m e d ia l ly ,  b u t  in  many 
c a r n iv o r a n s ,  f e l i d s  and v i v e r r i d s  e s p e c i a l l y ,  sw ing ing  o u t  
l a t e r a l l y ,  benea th  t h e  prom ontorium . F igure  5# shows t h i s  
r e l a t i o n s h i p  f o r  a c a n id  and a f e l i d ,  and in  com parison , 
t h e  r e c o n s t r u c t i o n  o f  a n im rav id  i f  one h y p o th e s iz e s  an 
a r t e r y  in  th e  promontory p o s i t i o n .  Note t h a t  th e  i n f e r i o r  
p e t r o s a l  s in u s  i s  rough ly  th e  same in  a l l  t h r e e ;  t h e  
n im rav id  has been r e c o n s t r u c te d  on th e  b a s i s  of th e
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r e - i d e n t i f i c a t i o n  of th e  l a r g e ,  p o s te ro m e d ia l  foramen a s  a 
p e t r o b a s i l a r  foram en.
However, th e  c a r o t i d  in  e x ta n t  c a r n iv o r a n s  i s  not a 
’•promontory a r t e r y " ,  e i t h e r ,  s i n c e  i t  i s  a s s o c ia t e d  fo r  
most (and f r e q u e n t ly  a l l )  of i t s  path  w ith th e  
e n to ty m p a n ic ,  ly in g  in  a deep s u lc u s  t h a t  i s  u s u a l ly  
c lo se d  i n t o  a c a n a l  a n t e r i o r l y .  Eoth th e  l a t e r a l  cu rve  
and th e  en to tym pan ic  tu b e  can be seen in  th e  s e c t io n e d  
V iv e r ra  (F igu re  5 3 ) .  E lsew here  ( c h a ra c te r  1 5 ) ,  I  have 
c o n s id e re d  th e  passage  o f  th e  e n to c a r o t i d  w i th in  t h e  
en to tym pan ic  a d e r iv e d  f e a t u r e  u n i t i n g  th e  m a jo r i ty  of th e  
c a rn iv o r a n  f a m i l i e s .
The p o s i t i o n  o f  th e  p o s t e r i o r  c a r o t i d  foramen i s  
f r e q u e n t ly  tak en  to  be th e  p o in t  a t  which th e  c a r o t i d  
e n t e r s  t h e  cranium  i t s e l f .  C lose  ex am ina tion  o f  t h e  s k u l l  
o f  R a t tu s  norve q ic u s , f o r  exam ple , r e v e a l s  seme 
s i g n i f i c a n t  d e t a i l ,  o m it ted  from G reene’ s  (1935: 183) 
s im p le  s ta te m e n t  t h a t  " th e  i n t e r n a l  c a r o t i d  e n te r s  th e  
c a r o t i d  can a l  between th e  b u l la  and t h e  b a s a l  p l a t e  of t h e  
o c c i p i t a l  bone to  re a c h  th e  i n t e r i o r  o f  th e  s k u l l . ”
F i r s t ,  t h e  c a r o t i d  c a n a l  i s  d e ep ly  channeled  in to  t h e  
e c to ty m p an ic  b u l l a ,  a lm ost  com ple te ly  e n c lo s e d ,  and th e r e  
i s  no c o r re s p o n d in g .c h a n n e l in g  o r  even e m a rg in a t io n  on th e  
a d ja c e n t  b a s i o c c i p i t a l .  Second, a l th o u g h  t h e  p e t r o s a l  i s  
produced so f a r  v e n t r a l l y  t h a t  i t  i s  c l e a r l y  v i s i b l e  
p o s t e r i o r l y  below th e  l e v e l  o f  t h e  b a s i o c c i p i t a l ,  t h e
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c a r o t i d  c an a l  i s  a lw ays i t s e l f  v e n t r a l  t o  t h e  m edia l 
m argin o f  th e  p e t r o s a l .  The ch an n e l in  th e  medial w all o f
th e  b u l l a  ru n s  p a r a l l e l  t o  th e  v e n t r a l  edge of th e
p e t r o s a l ,  and opens i n t r a c r a h i a l l y  a t  th e  a n te ro m e d ia l  
apex o f  t h e  p e t r o s a l ,  t h e  t y p i c a l  p o s i t i o n  f o r  th e  
i p t e r n a l  c a r o t i d  fo ram en .
A f i n a l  example o f  how w idespread  ta x o n c m ic a l ly  i s  
t h i s  m j s i d e n t i f i c a t i o n  o f  th e  p e t r o b a s i l a r  c a n a l  can  be 
found in  Hunt and K orth*s (1980) d e s c r i p t i o n  of t h e  
a u d i to r y  re g io n  o f  Cynocephalus (Dermoptera) : "M edial to
th e  promontorium i s  a deep ch an n e l in  th e  a d u l t . . . t h a t  
e a r l i e r  a u th o r s  su g g e s te d  a s  a p o s s ib l e  r o u te  fo r  t h e  
i n t e r n a l  c a r o t i d  a r t e r y  in  D erm optera. D is s e c t io n  o f  th e
n e o n a te  r e v e a le d  t h a t  t h i s  ch an n e l houses o n ly  th e
i n f e r i o r  p e t r o s a l  venous s i n u s ,  i t s  bony w a l l  formed by 
b u l l a ,  p e t r o s a l ,  and o c c i p i t a l . "
The c o n c lu s io n  must be t h a t  th e  b e s t  i d e n t i f i c a t i o n  
o f  t h e  m edial c an a l  and foramen in  n im ra v id s ,  based on th e  
anatomy o f  e x ta n t  e u t h e r i a n s ,  i s  a s  a p e t r o b a s i l a r  can a l  
and foramen t h a t  p ro v id ed  p a ssag e  f o r  th e  i n f e r i o r  
p e t r o s a l  venous s i n u s .  I t  a p p e a rs  to  be unique  f o r  the  
c a n a l  to  e x i t  v ia  a foramen s e p a ra te d  from t h e  p o s t e r i o r  
l a c e r a t e  foramen by a bony abutm ent between the  
b a s i o c c i p i t a l  and th e  en to ty m p an ic  v e n t r a l l y  and p e t r o s a l  
d o r s a l l y .  The s e p a r a t e  e x i t  of th e  s in u s  i t s e l f  i s  r a t h e r  
common: co n flu en ce  w ith  t h e  sigm oid  s in u s  can be e i t h e r
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i n t r a -  o r  e x t r a c r a n i a l .  But th e  bony abutm ent v e n t r a l l y  
between th e  en to ty m p an ic  and o c c i p i t a l  d e f in in g  t h i s  
s e p a r a t io n  o s t e o l o g i c a l l y  i s  to  my knowledge an e n t i r e l y  
no v e l  c o n d i t i o n ,  a n o th e r  autapomorphy f o r  t h e  N im rav idae .
23. A pparen tly  accompanying th e  bony s e p a r a t io n  i n  
n im ra v id s  o f  th e  p e t r o b a s i l a r  foramen from th e  p o s t e r i o r  
l a c e r a t e  foramen i s  th e  p lacem ent o f  th e  l a t t e r  f a r t h e r  
l a t e r a l l y  th an  i s  t y p i c a l  f c r  e x t a n t  c a r n iv o r a n s .  This 
f e a t u r e  i s  co n s id e red  h e re  a s  a s e p a r a te  c h a r a c t e r  because  
t h i s  l a t e r a l  p o s i t io n  o c c u rs  in  th e  ab sen ce  c f  any bony 
s e p a r a t io n  o f  th e  p e t r o b a s i l a r  foramen in  m iacids  and 
v i v e r r a v i d s ,  p a le o n y c t id  and hyaenodontid  c re o d o n ts  (as 
n o ted  by Matthew, 1909: 3 5 8 ) ,  and in  a g r e a t  v a r i e t y  of 
o t h e r  mammals. In  many mammals, such a s  m a rs u p ia ls  and 
l i p o t y p h l a n s ,  th e  m edia l m arg ins of th e  b a s i o c c i p i t a l  a r e  
o b l iq u e ,  so  t h a t  t h e  b a s i o c c i p i t a l  narrow s a n t e r i o r l y  and 
i s  much b ro a d e r  p o s t e r i o r l y ,  push ing  th e  p o s t e r i o r  
l a c e r a t e  foram ina l a t e r a l l y  a s  a r e s u l t .  But a s  shown by 
t h e  pho to  o f  Lemur in  C a r tm i l l  (1975: 326), f o r  exam ple , 
in  which th e s e  m argins a r e  o b l iq u e ,  t h e  p o s t e r i o r  l a c e r a t e  
foram en i s  s t i l l  more l a t e r a l l y  p laced  th an  r e q u i r e d  
m erely  by th e  s lo p e  o f  th e  b a s i o c c i p i t a l .
I  have n e t  done a thorough  su rvey  o f  t h i s  f e a t u r e  in  
th e  Mammalia, nor can I  f in d  any d is c u s s io n  o f t h i s  
c h a r a c t e r  e lsew here  in  th e  l i t e r a t u r e .  However, my 
t e n t a t i v e  h y p o th e s is  i s  t h a t  th e  more m edial p o s i t i o n  o f
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t h e  p o s t e r i o r  l a c e r a t e  foram en, a t  t h e  p o s te ro m e d ia l  
c o rn e r  o f  th e  b u l l a ,  i s  a n c v e l  f e a t u r e  o c c u r r in g  in  a l l  
c a rn iv o ra n s  e x c e p t  m ia c id s ,  n im ra v id s ,  and v i v e r r a v id s :  I
have n o t  y e t  found i t  e lsew h ere  w i th in  th e  Mammalia. I  
have no o n to g e n e t ic  in fo rm a tio n  r e l e v a n t  t o  t h i s  f e a t u r e ,  
n o r  do I  see  any s t r u c t u r a l  c o n s t r a i n t s  e x ce p t  t h a t  
imposed by th e  shape o f  th e  b a s i o c c i p i t a l .
T h is  d is c u s s io n  o f  th e  p o s t e r i o r  l a c e r a t e  foramen 
m ight be an a p p r o p r i a t e  c o n te x t  t o  m ention t h a t  a much 
more f r e q u e n t ly  c i t e d  c h a r a c t e r  i s  th e  d e g re e  of 
c o n f lu e n ce  of t h i s  foramen w ith  th e  h y p o g lo s sa l  foram en. 
F e lo id s  a re  o f t e n  s a id  t o  have such c o n f lu e n c e ,  and c a n id s  
o r  can ifo rros t o  lack  i t .  C la rk  and Guensburg (1972) 
review ed th e  in c o n s ta n c y  o f  t h i s  f e a t u r e ,  and p o in te d  o u t  
t h a t  a la c k  o f  c o n f lu e n c e  i s  p r im i t iv e  and t h e r e f o r e  no t 
c a n o id ,  and t h a t  th e  f e a t u r e  i s  l a r g e l y  u n in fo rm a t iv e .
24 . A p o s tg le n o id  foramen i s  p r i m i t i v e l y  p r e s e n t  in  
e u th e r i a n s  f o r  th e  e x i t  of th e  s u p e r io r  p e t r o s a l  venous 
s i n u s ,  p a r t  o f  th e  e x t e r n a l  ju g u la r  d r a in a g e .  I  know o f  
no a l t e r n a t i v e  i d e n t i f i c a t i o n  o f  a foramen i n  t h i s  
p o s i t i o n ,  and th e r e f o r e  no d isag reem en t abou t th e  
c h a r a c t e r  s t a t e s  in v o lv e d .
The wide d i s t r i b u t i o n  of t h e  p o s tg le n o id  foramen 
th ro u g h o u t  th e  Mammalia, i n c lu d in g  w i th in  t h e  C a rn iv o ra ,  
a rg u e s  t h a t  i t s  p re sen c e  i s  p r i m i t iv e  fo r  th e  o r d e r ,  and 
i t s  r e d u c t io n  o r  l o s s  d e r iv e d  w i th in  th e  o r d e r .  I t s
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p resen c e  in  a l l  n im rav id s  ex cep t  B a rb o u ro fe l i s  i s  
t h e r e f o r e  no t d i r e c t l y  p h y lc g e n e t i c a l l y  in f o r m a t iv e ,  but 
i s  i n d i r e c t l y  in fo r m a t iv e :  th e  r e d u c t io n  o r  lo s s  o f  th e
p o s tg le n o id  foramen in  t h e  f e l o i d  C a rn iv o ra  i s  a n o th e r  
d e r iv e d  f e a t u r e  e x c lu d in g  th e  Nim ravidae from membership 
w ith in  t h a t  g rou p .
Barbouro f e l i s 1s  la c k  of a p o s tg le n o id  foramen i s  
h y p o th es iz ed  t o  be d e r iv e d ,  b u t  no d e t a i l s  a r e  a p p a ren t  t o  
i n d i c a t e  whether o r  n o t  i t  i s  d e rived  in  common w ith  any 
o th e r  l o s s e s  w i th in  C a rn iv o ra .  C e r t a in l y ,  ad hoc 
h y po theses  o f convergence  a re  u s u a l ly  ad o p ted  f o r  t h e  
r e d u c t io n  o r  l o s s  of th e  p o s tg le n o id  fo ram in a  in  th e  
a q u a t ic  c a r n iv o ra n s — p h o c id s ,  o t a r i i d s ,  and l u t r i n e s .
Conroy (1980) made th e  i n t e r e s t i n g  su g g e s t io n  th a t  
t h e  o r i e n t a t i o n  o f  t h e  t r a n s v e r s e  s i n u s ,  a s  a fu n c t io n  o f  
r e l a t i v e  c e r e b r a l  ex p an s io n ,  i s  th e  f a c t o r  d e te rm in in g  t h e  
p resen ce  or absence  o f  a c o n t r ib u t io n  from a s u p e r io r  
p e t r o s a l  s in u s  (h is  p e tro sq u am o sa l  s in u s )  t o  th e  e x t e r n a l  
ju g u la r  d ra in a g e .  " N a tu r a l ly  t h e  o r i e n t a t i o n  o f  th e  
t r a n s v e r s e  s in u s  i s  dependent t o  a l a r g e  d eg ree  upon th e  
growth o f  t h e  c e r e b r a l  h e m isp h e res ,  and in  c a t a r r h i n e s  i t  
no rm ally  comes t o  l i e  more h o r i z o n t a l l y  a f t e r  com plete  
c e r e b r a l  grow th . In most mammals w ithou t a c a u d a l ly  
expanded c e r e b r a l  c o r t e x ,  th e  t r a n s v e r s e  s in u s  r e t a i n s  th e  
more v e r t i c a l  p o s i t io n  r e l a t i v e  t c  th e  s k u l l  base and 
co n seq u e n tly  th e  petrosquam ous s in u s  rem ains  a s  a l a r g e
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ch an n e l which em p tie s  v ia  th e  p o s tg le n o id  foramen i n t o  t h e  
e x t e r n a l  ju g u la r  system  ( B u t le r ,  1967). By the  18-26 mm 
em bryonic s t a g e  an im p o r ta n t  c ro s s ro a d  i s  reached  i n  
mammalian developm ent whereby th e  r e l a t i v e  cauda l 
ex p an s io n  o f  th e  c e r e b r a l  c c r t e x  w i l l  d e te rm ine  whether 
t h e  i n t e r n a l  o r  e x t e r n a l  j u g u la r  system  w i l l  be t h e  
dominant channe l o f  i n t r a c r a n i a l  venous d r a i n a g e .M
The v a r i a t i o n  w ith  t h e  C a rn iv o ra  o f f e r s  a t e s t  of 
t h i s  h y p o th e s i s .  Comparisons o f  F ig u re s  25 and 44 show 
t h a t  t h e r e  i s  l i t t l e  d i f f e r e n c e  between th e  canid  and 
f e l i d  in  t h e  a n g le  o f  th e  t e n to r iu m ,  and t h e r e f o r e  of th e  
t r a n s v e r s e  s in u s  i t  c o n ta in s .  Yet th e  c an id  r e t a i n s  a 
l a r g e  s u p e r io r  p e t r o s a l  s in u s  d r a in in g  th ro u g h  a l a r g e  
p o s tg le n o id  foramen and th e  f e l i d  l a c k s  t h i s  d ra in a g e  
e n t i r e l y .  Indeed  th e  d i s t r i b u t i o n  of th e  r e d u c t io n  or 
l o s s  o f  th e  p o s tg le n c id  foramen i s  n o t  o b v io u s ly  
c o r r e l a t e d  e i t h e r  w ith  a p a r t i c u l a r  m orpho log ica l  
deve lopm en t, nor w ith  any s i n g l e  e c o lo g ic a l  
g e n e r a l i z a t i o n :  in  t h e  a e l u r o i d s ,  t h e  p o s tg le n o id  foramen
i s  reduced  o r  m is s in g ,  in  th e  t e r r e s t r i a l  a r c t o i d s ,  i t  i s  
l a r g e  and im p l ie s  a l a r g e  i n t r a c r a n i a l  c o n t r i b u t i o n  to  t h e  
e x t e r n a l  ju g u la r  sy s te m , and in  th e  a q u a t i c  a r c t o i d s ,  i t  
i s  a g a in  reduced o r  m is s in g .
25. C h a r a c te r iz in g  a th re e -d im e n s io n a l  shape i s  
o f t e n  d i f f i c u l t  t o  do u n e q u iv o c a l ly ;  c e r t a i n l y  i d e n t i f y i n g  
t h e  sq u a re  o r  r e c t a n g u l a r  c ro s s  s e c t i o n  and b lu n t ends o f
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t h e  n im rav id  m asto id  p ro c e s s  i s  s im p le  enough w i th in  a 
g en u s ,  o r  even f o r  D i n i c t i s  and Nimravus t o g e t h e r ,  but 
more d i f f i c u l t  beyond t h a t .  The more ex trem e ly  
s a b e r - to o th e d  forms have p r o p o r t i o n a l l y  much l a r g e r  
m asto id  p r o c e s s e s ,  k eep in g  pace w ith  th e  in c re a s e d  
p e d e s t a l l i n g  o f  th e  g le n o id  f o s s a .  Even in  th e s e ,  
however, I  th in k  I  s e e  a s a u a r e r  c r o s s - s e c t i o n  and 
b l u n t e r ,  more d e f in e d  end, than  can be seen  in  Smilodon 
f o r  exam ple .
I  have n o t  found t h i s  c o n d i t io n  o f  th e  mastoid 
p ro c e s s  i n  any o th e r  c a rn iv c ra n  (a lthough  I  say t h i s  w ith  
some h e s i t a t i o n  because  th e  m asto id  p ro c e s s  in  u r s i d s  
c e r t a i n l y  comes c l o s e ) , nor i n  any o t h e r  mammal (a l thou gh  
h e re  a g a in  I  must q u a l i f y  t h i s  by p o in t in g  o u t  t h a t  I  have 
n o t  done what I  c o n s id e r  t o  be a very wide o r  thorough 
s u r v e y ) .  But a s  a  tem porary  h y p o th e s is ,  s u b j e c t  to  f u tu r e  
t e s t ,  I  have c o n s id e re d  th e  c o n d i t io n  in  n im ra v id s ,  
in c lu d in g  Barbo u r o f e l i s . t o  be an autapom orphy.
One r e l a t e d  f e a t u r e  f o r  which I  d id  n o t  have 
s u f f i c i e n t  in f o r m a t io n ,  bu t  which shou ld  be c o n s id e re d  in  
f u t u r e  s t u d i e s ,  i s  t h e  com p os it ion  of th e  m asto id  p r o c e s s .  
The d e g re e  to  which t h e  squam osal c o n t r i b u t e s  i s  e v id e n t ly  
v a r i a b l e  and may be o f  taxonom ic s i g n i f i c a n c e .  For 
exam ple , S e g a l l  (1943) n o te s  t h a t  th e  m as to id  p ro c e s s  i n  
c a n id s  i f  formed by t h e  p a rs  m as tc id e a  o f th e  p e r i o t i c  
a lo n e ,  w hereas i n  p ro c y o n id s ,  th e  squam osal t e a r s  a
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" p o s t- ty m p a n ic  p r o c e s s ” , which form s th e  a n t e r i o r  p a a r t  of 
t h e  m asto id  p r o c e s s .  I t  was d i f f i c u l t  t o  t e l l  in  many 
c a s e s ,  b u t  a l l  n im rav id s  f o r  which I  could  d e te rm in e  t h i s  
f e a t u r e  had a m astoid p ro c e ss  formed by both  squamosal and 
t h e  p a r s  m a s to id e a .
A r e l a t e d  f e a t u r e  was d e sc r ib e d  by C i f e l l i  (1982:
8 0 2 ):  ” Ih e  tym panohyal, th e  most c r a n i a l  e lem ent of th e
hyoid  bar  (Van d e r  Klaauw, 1931 ) ,  fu s e s  in  most mammals t o  
t h e  m asto id  p o r t io n  o f  t h e  p e t r o s a l ,  form ing th e  p ro c e ssu s  
h y o id e u s .  In  p r im i t iv e  c a rn iv o ra n s  (V iv e r ra v u s . V u lcavus . 
D id y m ic t is ) . however, th e  tympanohyal i s  fu se d  to  a 
v e n tro m e d ia l  p r o lo n g a t io n  o f  th e  squam osal, which a rc h e s  
ove r  th e  f a c i a l  nerve  and c o n ta c t s  th e  promor.torium. T h is  
u n u su a l  c o n d i t io n  may be synapomorphous f o r  the  C arn iv o ra  
a t  a f a i r l y  h igh  l e v e l . ” Here a g a in  i s  an example of 
c o n f l i c t i n g  h y p o th eses  a t  a very  low l e v e l  in  th e  
a n a l y s i s :  I  have c a r e f u l l y  examined th e  same specimens
s tu d ie d  by C i f e l l i  and se e  no e v id e n ce  w hatever o f  a 
squam osal c o n t r i b u t i o n  to  th e  p ro c e ss u s  h y o id eu s . (Ihe 
most p rox im al hyoid e lem ent in  c a rn iv o r a n s  may probably  be 
s a f e l y  assumed to  be th e  tym panohyal, as  was assumed by 
C i f e l l i  f o r  m ia c id s ,  in  c o n t r a s t  to  o t h e r  o r d e r s  in  which 
t h e  tym panohyal and pe rhaps  even s ty lo h y a l  form th e  
p ro c e s s u s  hyo ideus  by c o - o s s i f y in g  w ith  th e  s k u l l .
However, i t  i s  im p o r ta n t  t o  r e a l i z e  t h a t  we have no d i r e c t  
e v id e n ce  su p p o r t in g  t h i s  assum ption  f o r  m ia c id s .)  In
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e v e ry  c a s e ,  t h e  a r t i c u l a r  f a c e t  f o r  t h e  most p rox im al 
hyoid  e lem ent i s  on a p ro ce ss  from th e  a n te ro m e d ia l  c o rn e r  
o f  th e  p a r s  m asto idea  of the  p e t r o s a l .  A secondary  
c o n s id e r a t io n  i s  w hether i t  would be re a so n a b le  t o  
i d e n t i f y  th e  c o n d i t io n  C i f e l l i  d e s c r ib e d  a s  a synapomorphy 
f o r  t h e  o rd e r  even i f  i t  were observed  in  two o r  t h r e e  
genera  o f  m iac id s  o r  v i v e r r a v id s ,  s i n c e  i t  has n e v e r  been 
found in  any e x ta n t  c a rn iv o ra n  ( in  which th e  c o n d i t io n  can 
be more e a s i l y  d e te rm in e d ,  in  j u v e n i l e s )  nor in  any f o s s i l  
r e p r e s e n t a t i v e  o f  e i t h e r  f e l i f o r r o s  o r  c a n ifo rm s .  But t h e  
q u e s t io n  o f  t h e  f e a t u r e ’ s p o l a r i t y  i s ,  o f  c o u rs e ,  q u i t e  
seco ndary  to  th e  q u e s t io n  of w hether t h e  f e a t u r e  even 
o c c u rs  in  any tax o n .
26. A b road  s h e l f  o r  c r e s t  co n n ec ts  t h e  p a r o c c i p i t a l  
and m asto id  p ro c e s s e s  in  a i l  known m iac ids  and 
v i v e r r a v i d s ,  i n  c r e o d o n ts ,  in  v a r io u s  o th e r  p o t e n t i a l  
o u t -g ro u p s  such a s  P a n t o l e s t e s . and t o  v a ry in g  d eg rees  
w i th in  t h e  e x ta n t  C a rn iv o ra —u r s i d s ,  o t a r i i d s ,  and some 
m u s te l i d s .  I  am not s a t i s f i e d  w ith  t h e  d e f i n i t i o n  o f  th e  
s t a t e s  o f  t h i s  c h a r a c t e r :  I  t h in k  a t  l e a s t  two phenomena
a r e  in v o lv e d .  One i s  th e  degree  to  which th e  p a r o c c i p i t a l  
p ro c e s s  i s  b road ly  s e p a r a te d  from th e  a u d i to r y  r e g io n  and 
p r o j e c t s  p o s t e r i o r l y ,  form ing a b ro a d ,  l e a f - l i k e  sh a p e .
The o th e r  i s  th e  d e g re e  to  which th e  m asto id  bone i s  
produced i n t o  a c o n n e c t in g  s h e l f  between th e  m asto id  and 
p a r o c c i p i t a l  p r o c e s s e s .  C le a r ly  th e  l a t t e r  c o n d i t io n  w i l l
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be in f lu e n c e d  by th e  s i z e  o f  th e  p a r o c c i p i t a l  p ro c e s s  
i t s e l f .
T e s t in g  w hether t h i s  f e a t u r e  i s  a complex or n o t ,  and 
i f  i t  i s ,  s o r t i n g  o u t  th e  v a r io u s  s t a t e s ,  w i l l  r e q u i r e  a 
more com plete  a n a l y s i s  of th e  d i v e r s i t y  w i th in  th e  o rd e r  
th an  I  was a b le  to  do f o r  t h i s  s tu d y .  As an i n i t i a l  
h y p o th e s i s ,  t h e r e f o r e ,  I  w i l l  c o n s id e r  i t  one f e a t u r e ,  and 
base  th e  p o l a r i t y  on th e  c o n d i t io n  in  o u t -g rc u p s  t o  th e  
C a r n iv o r a .  The n im ravid  c c n d i to n  ( fo r  th o s e  n im rav id s  
r e t a i n i n g  p a r o c c i p t a l  p ro c e sse s )  i s  th u s  c o n s id e re d  
p r i m i t i v e .
27. A w idely  re c o g n iz e d  d e r iv e d  f e a t u r e  i n  f e l o i d s  
i s  th e  deg ree  to  which th e  p a r o c c i p i t a l  p ro c e s s  becomes 
b road  and c lo s e l y  cups th e  p o s t e r i o r  w a l l  o f  th e  b u l l a .  
T h is  m ight re a so n a b ly  be c o n s id e re d  p a r t  o f  th e  p re v io u s  
c h a r a c t e r ,  and i s  c e r t a i n l y  r e l a t e d  to  th e  o r i e n t a t i o n  and 
s i z e  o f  th e  p a r o c c i p i t a l  p ro c e s s  d isc u sse d  above. Again, 
t h e  n im rav id  c o n d i t io n  i s  t h a t  one p r im i t iv e  f o r  t h e  
o r d e r ,  so  l i s t i n g  i t  s e p a r a t e l y  u n t i l  r e - a n a l y s i s  o f  th e  
p o s t e r o j a t e r a l  c o rn e r  o f  t h e  a u d i to r y  re g io n  i s  a 
c o n s e r v a t iv e  approach t h a t  w i l l  no t b i a s  th e  a n a l y s i s  o f  
t h e  p h y lo g e n e t ic  r e l a t i o n s h i p s  o f  th e  n im ra v id s .
28. The b u t t r e s s  formed by th e  b a s isp h e n o id  a g a i n s t  
t h e  a n te ro m e d ia l  c o rn e r  o f  th e  b u l l a  has  been  d e sc r ib e d  
above f o r  ev e ry  n im ravid  e x c e p t  B arbourof e l i s .  I n  th e
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l a t t e r ,  a t y p i c a l  c a rn iv o ra n  a n te ro m e d ia l  p ro c e s s  may be 
fo u n d . The s i z e  o f  t h i s  p ro c e s s  d i f f e r s  w idely  among th e  
C a rn iv o ra ;  i t s  d i s t r i b u t i o n  o u t s id e  t h e  o r d e r  i s  l a r g e ly  
unknown to  me and a p p a r e n t ly  undocumented in  th e  
l i t e r a t u r e .  I  have no c o n f id e n c e  t h a t  a l l  t h e  e x te n s io n s  
of th e  a n te ro m e d ia l  c o rn e r  a re  homologous t o  one a n o th e r ,  
b u t  i n s u f f i c i e n t  ev id e n ce  i s  a v a i l a b l e  to  e v a lu a te  th e  
q u e s t io n .  N e i th e r  do I  have any o n to g e n e t ic  o r  s t r u c t u r a l  
in fo rm a t io n  r e l e v a n t  to  t h e  hom ologies o f  t h e  b a s isp h e n o id  
b u t t r e s s .  T h e re fo re ,  I  v e ry  t e n t a t i v e l y  h y p o th e s iz e  an 
autapomorphy fo r  th e  N im ravidae .
29. The margins o f  a l l  n im rav id  b a s i o c c i p i t a l s  
examined h e r e ,  e x ce p t  th o s e  of B a r b o u r o f e l i s . were 
produced i n t o  v e n t r a l l y  d i r e c t e d  f l a n g e s  on the  m edial 
m arg ins o f  t h e  a u d i to r y  b u l l a e .  Although th e s e  f l a n g e s  do 
u n q u e s t io n a b ly  in c r e a s e  th e  p e rc e p t io n  o f  l a t e r a l  
com press ion  o f  th e  median f l o o r in g  bones , e s p e c i a l l y  in  
H oplophoneus. th e  two f e a t u r e s  a r e  a t  l e a s t  somewhat 
in d ep e n d en t  o f  each o t h e r .  One o f  th e  most l a t e r a l l y  
com pressed i n t e r b u l l a r  d i s t a n c e s  can be found in  
B arbo u ro fe l i s . which s ta n d s  in  sh a rp  c o n t r a s t  t o  t h e  o th e r  
n im ra v id s  i n  hav ing  e x te n s iv e  b u l l a r - b a s i o c c i p i t a l  
c o n t a c t ,  bu t  d i r e c te d  th e  o p p o s i te  way: th e  b a s isp h e n o id
d o r s a l l y  o v e r la p s  th e  b u l l a  b ro a d ly  (se e  F ig u re  41) .
Huge v e n t r a l  f l a n g e s  o ccu r  e lsew h ere  i n  u r s i d s  and 
o t a r i i d s .  These f l a n g e s  look  q u i t e  d i f f e r e n t  in  t h a t  th ey
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a r e  t h i c k e r  a t  t h e  b a se  and rounded a t  th e  t i p s ,  so  th e  
homology i s  n o t  very  c e r t a i n  and would i d e a l l y  be t e s t e d  
e v e n tu a l ly  by check ing  th e  developm en ta l t im in g  and 
mechanisms of th e  two ty p e s  o f  f l a n g e s .  C e r ta in ly  th e  
r e s t r i c t i o n  o f  th e s e  f l a n g e s  t o  a few f a m i l i e s  w ith in  th e  
C a rn iv o ra  a rg u e s  t h a t  i t  i s  a nove l f e a t u r e  w ith in  th e  
Mammalia, and t h e r e f o r e  d e r iv e d .  I t  has  been t e n t a t i v e l y  
h y p o th e s iz e d  t o  be d e r iv e d  fo r  th e  p h y lo g e n e t ic  summary 
p r e s e n t  h e r e .
30 . O s s i f i c a t i o n  v e n t r a l l y  o f t h e  te n to r iu m , 
a n t e r i o r  t o  t h e  p e t r o s a l ,  i s  found in  th e  f e l o i d  
c a r n iv o r a n s ,  and no where e l s e  w ith in  th e  o rd e r  ( see  
F ig u re  5 5 ) .  More e x te n s iv e  o s s i f i c a t i o n  i s  co ns id ered  
d e r iv e d  on o n to g e n e t ic  g roun ds , which would support i t s  
p o l a r i t y  based on i t s  d i s t r i b u t i o n  among o u t-g ro u p s  such 
a s  L ip ty p h la .  However, e lsew h e re  in  th e  Mammalia, 
u n g u la te s  a l s o  have a w ell  o s s i f i e d  t e n to r iu m .  T h is  
r a i s e s  t h e  i n t e r e s t i n g  p o s s i b i l i t y  t h a t  o s s i f i c a t i o n  of 
t h e  te n to r iu m  might be a synapomorphy f o r  a f e ru n g u la te  
g ro u p , and th e  r e d u c t io n  in  o s s i f i c a t i o n  o f  th e  te n to r iu m  
a r e v e r s a l  t h a t  would be d e r iv e d  f o r  th e  n im rav ids and 
c a n i fo rm s .  The nex t s t e p  would c l e a r l y  be a comparison of 
t h e  d e t a i l s  o f  th e  t e n t o r i a  o f  c a r n iv o r a n s  and u n g u la te s .
3 1 . ft w e l l  d e f in e d  p e t r o b a s i l a r  s u lc u s  i s  p r e s e n t  in  
a l l  c a r n iv o r a n s  I  have examined th u s  f a r  ( e . g . ,  V iv e rra  in
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F ig u re  5 3 ) .  The can ifo rm s and n im ra v id s  have th e  
a d d i t i o n a l  developm ent o f  seme d eg ree  o f  f l a n g e  from the 
b a s i o c c i p i t a l  ro o f in g  t h i s  s u lc u s  and a c o rre sp o n d in g  
deepening  o f  th e  l a t e r a l  p o r t io n  of th e  s u lc u s  in  t h e  
margin o f  t h e  p e t r o s a l ,  form ing an en c lo sed  p e t r o b a s i l a r  
c a n a l .  T h is  i s  shown in  i n t r a c r a n i a l  view i n  F ig u re  57 
and in  c r o s s  s e c t i o n  in  F ig u re  5 6 .  The l a t t e r  in c lu d e s  
f o r  com parison th e  c r o s s  s e c t i o n  diagrammed by Van Kampen 
(1905: 5 9 7 ) ,  i l l u s t r a t i n g  th e  e x t e n t  t c  which th e  s i z e  and 
d e f i n i t i o n  o f  th e  p e t r o b a s i l a r  c a n a l  has  been overlooked 
in  c a r n iv o r a n s .
M a rsu p ia ls  and l ip o ty p h la n s  have on ly  ve ry  sha llow  
s u l c i  i f  any f o r  t h e  i n f e r i o r  p e t r o s a l  venous s i n u s .  The 
c o n d i t io n  in  m ia c id s ,  v i v e r r a v i d s ,  and c re o d o n ts  i s  
u n c e r ta in  because  of a la c k  of s u i t a b l y  p rep a red  m a t e r i a l .  
The p e t r o b a s i l a r  s u l c u s  or c an a l  i s  n o t  d isc u sse d  
p a r t i c u l a r l y  i n  th e  l i t e r a t u r e  (indeed th e  i n t r a c r a n i a l  
morphology in  g e n e ra l  o f  e u th e r i a n s  seems to  have been 
l a r g e l y  i g n o r e d ) , so I  am n e t  a t  a l l  su re  o f  t h i s  
f e a tu r e * s  d i s t r i b u t i o n  w ith in  t h e  E u th e r i a .  However, from 
a very  incom ple te  sam pling cf u n g u la t e s ,  in  a d d i t io n  to  
th o s e  groups m entioned above, I  h y p o th e s iz e  t h a t  t h e  
r o o f in g  o f  th e  s u lc u s  to  form a p e t r o b a s i l a r  c an a l  i s  a 
d e r iv e d  f e a t u r e  w i th in  th e  C a rn iv o ra .
32 and 33 . The p resen ce  o r  absence o f  th e  v a r io u s  
fo ram ina  from th e  venous c h an n e ls  on t h e  i n s i d e  o f  th e
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squam osal bone to  th e  e x t e r i o r  o f  th e  s k u l l  has n o t  been 
no ted  in  mammals (excep t f o r  th e  c o n d i t io n  o f  th e  
p o s tg le n o id  foramen) s in c e  th e  one thorough  survey paper 
o f  Cope (1890)• He d id  n o t  d i s c u s s  any v a r i a t i o n  in  
p lacem en t o f  th e  fo ram in a , and th u s  d id  no t e v a lu a te  
e x p l i c i t l y  any p o t e n t i a l  i n d i c a t i o n s  t h a t  more th an  one 
c h a r a c t e r  s t a t e  might be in v o lv e d .
The m astoid  and p o s t p a r i e t a l  fo ram ina  a r e  r a r e  in
i
m e ta th e r i a n s ,  b u t  some su ppo sed ly  com parable foram ina 
o c c a s io n a l ly  o c c u r .  They a re  c e r t a i n l y  o f  wide 
d i s t r i b u t i o n  w ith in  t h e  e u t h e r i a n s ,  so  i f  t h e i r  p re sen c e  
i s  n o t  p r im i t iv e  fo r  th e  group E u th e r i a ,  i t  i s  very  l i k e l y  
p r i m i t iv e  w i th in  th e  s u b c l a s s .  The m a jo r i ty  of t h e  
C a rn iv o ra  a re  la c k in g  a l l  fo ra m in a ,  o r  a l l  excep t t h e  
p o s tg le n o id  foramen. Cope r e p o r t s  a m astoid  foramen in  
o n ly  Ursus and f l rc to th e r iu m  o f  t h e  c a rn iv o ra n s  he 
su rv e y e d ,  and Hyaenodcn w i th in  t h e  c r e c d o n t s ,  but missed 
i t s  p re s e n c e  i n  D i n i c t i s  and o t h e r  n im rav id s  (except 
B a r b o u ro f e l i s) . I  c a n n o t  d e te rm ine  w ith  c e r t a i n t y  i t s  
c o n d i t io n  in  m iacids o r  v iv e r r a v id s  because  the  s k u l l s  a r e  
g e n e r a l ly  c ru sh e d .
The lo s s  of the  m asto id  foramen w i th in  an e u th e r ia n  
o rd e r  would be d e r iv e d  a s  e v a lu a te d  h e r e ,  and i f  t r e a t e d  
a s  a synapomorphy, would u n i t e  a l l  C arn ivo ra  e x c lu d in g  
u r s i d s  and n im ra v id s .  T h is  l a t t e r  h y p o th e s is  i s  n o t  
p a r t i c u l a r l y  t e s t a b l e  a t  t h e  c h a r a c t e r  a n a ly s i s  l e v e l .
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however, because  two o r  more o c c u r re n c e s  o f  a l o s s  o f  a 
f e a t u r e  a r e  n o t  l i k e l y  t o  have accompanying in fo rm a tio n  
r e l e v a n t  t o  an e v a lu a t io n  o f  w hether th e  l o s s e s  a r e  
homologous.
S i m i l a r l y ,  t h e  p c s t p a r i e t a l  foramen i s  p re s e n t  in  
u r s i d s ,  c r e o d o n ts ,  n im ra v id s ,  and a l th o u g h  d o u b t fu l  a g a in ,  
p ro b ab ly  m iac ids  and v i v e r r a v i d s .  The same c a v e a t  a p p l i e s  
t o  t h e  l o s s  of t h i s  f e a t u r e  in  th e  rem ain ing  C a rn iv o ra .  
Because o f  th e  la c k  o f  t e s t a b i l i t y  a t  t h e  c h a r a c t e r  
a n a l y s i s  l e v e l ,  I  have o m it te d  bo th  o f  th e s e  f e a t u r e s  from 
t h e  cladogram  in F ig u re  58.
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PHYLOGENETIC CONCLUSIONS
From each o f  th e  c h a r a c t e r  a n a ly s e s ,  t h e  p h y lo g e n e t ic  
i m p l i c a t io n s  o f  th e  d i s t r i b u t i o n  of t h e  c h a r a c t e r  may now 
be e x t r a c t e d .  Here a g a in  a t a b u l a t i o n  w i l l  be most 
in f o r m a t iv e .  Each f e a t u r e  observed  in  n im rav id s  w i l l  f a l l  
i n t o  one o f  t h e  fo l lo w in g  c a t e g o r i e s :
1) a s p e c i a l i z a t i o n  o f  th e  n im ra v id s  n o t  found in  o th e r  
C a rn iv o ra ;  i . e . ,  a h y p o th es iz ed  autapomorphy fo r  t h e  
fa m ily  N im ravidae (and t h e r e f o r e  a h y p o th es iz ed  
synapomorphy f o r  t h e  members o f t h a t  f a m i ly ) .
2) a f e a t u r e  t h a t ,  l i k e  ( 1 ) ,  i s  d e r iv e d  r e l a t i v e  to  th e  
c o n d i t io n  h y p o th es iz ed  to  have o c c u r re d  in  t h e  
common a n c e s to r  o f  th e  C a rn iv o ra ,  and t h e r e f o r e  o f  
l im i te d  d i s t r i b u t i o n  w i th in  th e  o r d e r ,  b u t  one no t 
un ique  t o  n im ra v id s— i . e . ,  a h y p o th es iz ed  
synapomorphy f o r  th e  Nimravidae and some o th e r  taxon  
o r tax a  w ith in  th e  o r d e r .
3) a f e a t u r e  t h a t  i s  h y p o th es iz ed  to  be th e  same s t a t e  
as t h a t  in  th e  common a n c e s to r  o f  t h e  C a rn iv o ra ,  and 
t h u s  i s  a more g e n e ra l ly  d i s t r i b u t e d  c h a r a c t e r  in  
which i s  in c lu d e d  one (or more) l e s s  g e n e ra l  
c h a r a c t e r s ;  i . e . ,  t h e  n im rav id  c h a r a c t e r  s t a t e  i s  
p r i m i t iv e  r e l a t i v e  t o  a synapomorphy h y p o th es iz ed  to  
u n i t e  two o r  more o th e r  t a x a  w i th in  t h e  o r d e r •
4) u n in fo rm a tiv e  c h a r a c t e r s ,  which may be so f o r  a 
v a r i e ty  o f r e a s o n s :
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a) no h y p o th e s is  o f  p o l a r i t y :  I  was unab le  t o  
d e c id e  which was th e  more g e n e ra l  c o n d i t i o n  of 
which th e  o t h e r  was a m o d i f i c a t io n ,  o r
b) th e  f e a t u r e  i s  p r im i t iv e  fo r  C arn ivo ra  and I  have 
no in fo rm a t io n  about m o d if ic a t io n s  o f  th e  f e a t u r e  
w i th in  th e  o r d e r ,  c r
c) th e  c h a r a c t e r  was n o t  w e ll  enough d e f in e d  f o r  me 
to  have c o n f id e n c e  t h a t  I  knew which o c c u r re n c e s  
in  d i f f e r e n t  tax a  were th e  same s t a t e  and which 
were d i f f e r e n t ,  o r
d) r e p e t i t i o n s :  a f t e r  a n a l y s i s ,  th e  f e a t u r e  seemed
t o  me to  be p a r t  o f a n o th e r  c h a r a c t e r  a l r e a d y  
in c lu d e d  in  one o f  th e  f i r s t  t h r e e ,  in fo rm a tiv e  
c a t e g o r i e s .
As was o u t l in e d  in  th e  sum m aries , a n a l y s i s  o f  
B a rb o u ro f e l i s  produced i n c o n g r u i t i e s  in  many c h a r a c t e r  
d i s t r i b u t i o n s  i f  t h a t  genus was in c lu d ed  in  the  
N im rav idae . T h e re fo re  I  w i l l  c o n t in u e  to  c o n s id e r  i t  
s e p a r a t e l y  so th e  ev id en ce  f o r  i t s  p h y lo g e n e tic  
r e l a t i o n s h i p s . c a n  be a sse sse d  d i r e c t l y .  In  the  fo l lo w in g  
l i s t s  and d i s c u s s i o n ,  "n iro rav id” i s  r e s t r i c t e d  to  t h e  
n im ra v in e s  and hop lo p h o n in es ,  e x c lu d in g  B a r b o u r o f e l i s .
The c o n d i t io n  in  B a rb o u ro fe l i s  i s  in d ic a te d  s e p a r a te ly  t o  
t h e  l e f t  o f each c h a r a c t e r .
1 .  Seven c h a r a c t e r s  a r e  h y p o th es ized  to  be 
au tapom orph ies  f o r  th e  fa m ily  N im ravidae . (C h a ra c te r
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numbers a s  in  th e  summary. "♦" p rec ee d in g  t h e  c h a r a c te r  
number i n d i c a t e s  t h a t  B a rb o u ro fe l is  a l s o  p o ss e s se s  th e  
d e r iv e d  c o n d i t io n  seen  in  n im ra v id s ,  t h a t  i t  does n o t ,  
and •'?" t h a t  th e  s t a t e  cannc t  be d e te rm in e d . For d e t a i l s  
in  each c a s e ,  se e  th e  in d iv id u a l  taxonom ic d e s c r ip t io n s  
and th e  c h a r a c t e r  a n a l y s i s . )
? 1 .  f l a t t e n e d  o r  g e n t ly  curved  ( v e r t i c a l ) , p l a t e l i k e
ec to tym p an ic
♦ 3 . . e x te r n a l  a u d i to r y  meatus w ider than  th e  tympanic
n o tc h ;  f a c e s  i n t o  base  o f  p o s tg le n o id  p rocess  
- 1 3 .  en to tym pan ic  a th ic k  ’'san dw ich " , c o n s t ru c te d  c f  ve ry  
t h i n  o u te r  l a y e r s  of bone w ith  a t h i c k  la y e r  in s id e  
o f  c a n c e l lo u s  bone 
- 1 8 .  aud ito ry , r e g io n  i s  r e c e s s e d ,  ly in g  w e ll  d o r s a l  to  
th e  l e v e l  o f  b a s i s p h e n o i d / b a s i o c c i p i t a l  
-  22. p re sen c e  o f  a s e p a r a te  p o s t e r i o r  p e t r o b a s i l a r
foram en: a bony p a r t i t i o n  s e p a r a te s  th e  e x i t  of
i n f e r i o r  p e t r o s a l  s in u s  from p o s t e r i o r  l a c e r a t e  
foramen
♦ 2 5 .  m asto id  p ro c e s s e s  sq ua re  o r  r e c t a n g u l a r  in  c r o s s  
s e c t i o n ,  w ith  b lu n t  ends 
- 2 8 .  b a s isp h e n o id  form s a b u t t r e s s  a g a i n s t  an te ro m e d ia l  
c o rn e r  o f  b u l l a ;  a n te ro m e d ia l  p ro c e s s  from b u l l a  
never p r e s e n t
2 .  F ive f e a t u r e s  in  n im rav ids  were d e r iv e d  r e l a t i v e  
to  th e  p r i m i t i v e  c o n d i t io n  w ith in  C a rn iv o ra ,  and were a l s o
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sh a re d  w ith  o th e r  t a x a ,  and a r e  t h e r e f o r e  p o t e n t i a l  
synapom orph ies . However, t h e r e  was no c l e a r  p a t t e r n  
em erging from th e s e  f i v e  c h a r a c t e r s ,  and t h e r e  were 
c h a r a c t e r s  u n i t i n g  g ro u p s  among th e  o t h e r  c a rn iv o ra n s  
e x c lu d in g  th e  n im ra v id s ,  so  t h a t  th e  most pars im onious  
a rrangem ent i s  t h a t  shown in  F ig u re  58 , in  s p i t e  o f  th e s e  
f i v e  c h a r a c t e r s ,  (Symbols p receed ing  th e  numbers 
i n d ic a t e d  d e r iv e d  c o n d i t io n  p r e s e n t  o r  a b s e n t  in  
B a r b o u ro f e l i s  as  abov e .)
? 5 . a n t e r i o r  c r u s  o f  ec to ty m p an ic  b ro ad e n ed , h o r i z o n t a l ,
n e a r ly  m eeting p o s t e r i o r  c r u s ,  form ing a c lo s e d  o r  
n e a r ly  c lo sed  r in g  
===> sh a red  with h y a e n id s ,  h e r p e s t i d s ,  c a n id s ,  
m u s t e l i d s ,  and some f e l i d s  
♦ 7 . p ro c e ssu s  t u b a r i u s  frcm a n t e r i o r  c ru s  cf
ec to ty m pan ic  p r e s e n t ,  ap p re ssed  t o  tym panic r o o f ,  
between fo s sa  m u sc u la r is  major and ep ity m pan ic  
r e c e s s .
===> sh a red  with c a n id s  and p ro cyon ids  
- 2 0 .  secondary  deep pocket in  ep ity m p an ic  r e c e s s  
===> sh a red  w ith  p ro cy o n id s
-  29. margins o f  b a s i o c c i p i t a l  produced i n to  v e r t i c a l
f la n g e s  t h a t  ex tend  v e n t r a l l y  a g a i n s t  th e  m ed ia l 
s i d e  of each b u l l a .
==-> shared  w ith  u r s i d s  and o t a r i i d s
-  31. h o r i z o n ta l  f l a n g e  o f  b a s i o c c i p i t a l  a t  l e a s t  p a r t l y
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ro o f in g  th e  i n f e r i o r  p e t r o s a l  s u l c u s ,  to g e th e r  with 
m edial m argin o f  p e t r o s a l  form ing th e  p e t r o b a s i l a r  
c an a l
===> sh a red  with a l l  e x ta n t  can ifo rm  f a m i l i e s  and the  
V iv e r r id a e
3 .  Ten f e a t u r e s  o f  n im ra v id s  a r e  h y p o th es iz ed  to  be
\ .
p r i m i t iv e  w i th in  th e  C a rn iv o ra ,  bu t e x h i b i t  d e r iv e d  s t a t e s  
in  some o th e r  members o f  t h e  o r d e r ,  which th e re b y  d e f in e  
g roups from w ith in  which th e  Nimravidae a r e  e x c lu d e d .  (In  
th e  fo l lo w in g  summary, an *** p rec ee d in g  t h e  c h a r a c te r  
number i n d i c a t e s  t h a t  B a r b o u ro fe l i s  p o s s e s s e s  th e  d e r iv ed  
c o n d i t i o n ,  u n l ik e  th e  o th e r  n im ra v id s ,  where a M- M th a t  
B a rb o u ro fe l |s »  c o n d i t io n  i s  t h e  same a s  t h e  p r im i t iv e  one 
in  n im ra v id s ,  which o f  co u rse  i s  no e v id e n c e  of c lo s e n e s s  
o f  r e l a t i o n s h i p ,  and ”0M f l a g s  th o s e  f e a t u r e s  t h a t  
B arbourofe l i s  canno t have because  o f  some s t r u c t u r a l  
i m p o s s i b i l i t y . )
9 .  o sseo us  c a n a l i s  m u sc u lo tu b a r iu s  i s  a com plete  tube 
o f  ec to ty m pan ic  
===> u n i t e s  e x ta n t  a r c t o i d  f a m i l i e s  
0 11. septum b u l l a e  from ec to ty m p an ic  p lu s  en to tym pan ic  
(or one m od ified  by l o s s  o f  th e  en to tym pan ic  
c o n t r i b u t i o n  a s  p e rhaps  i s  th e  c a se  i n  h y a e n id s ) , o r  
a p a r t i a l  en to ty m pan ic  septum from th e  d o r s a l  edge 
of th e  c a u d a l  e n to ty m p an ic .
===> f i r s t  c o n d i t io n  u n i t e s  fo u r  e x ta n t  f e l o i d  f a m i l i e s .
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e x c lu d in g  N im ravidae; second i s  an autapomorphy 
f o r  Canidae (c o n d i t io n  n o t  known in  m iac idae  and 
v iv e r r a v id a e )
* 12 . a co m p le te ly  o s s i f i e d  b u l l a ,  in  e x ta n t  c a rn iv o ra n s
from th e  o s s i f i c a t i o n  o f  two or more en to ty m p an ics ;  
( c o n t r ib u t in g  e lem en ts  n o t  d e te rm in a b le  in  
B a r b o u ro fe l i s  and many o t h e r  e x t i n c t  tax a )
===> u n i t e s  a l l  e x ta n t  f a m i l i e s  o f  c a r n iv o r a n s ,
e x c lu d in g  th e  Nim ravidae ( c o n d i t io n  n o t  known in  
m iac ids  and v iv e r r a v id s )
-  15. more m edia l p o s i t i o n  of i n t e r n a l  c a r o t i d  a r t e r y  and
i t s  c a p tu r e  in  a tu b e  in  r o s t r a l  en to tym pan ic  (o f ten  
reduced to  groove i f  a r t e r y  reduced)
===> u n i t e s  a l l  e x ta n t  f a m i l i e s  o f  c a r n iv o r a n s ,
e x c lu d in g  th e  N im ravidae ( c o n d i t io n  n o t  known in  
m iac ids  and v iv e r r a v id s )
( I f  th e  p o s t e r i o r  c a r o t i d  foramen in  n im ra v id s  i s  in s t e a d  
i d e n t i f i e d  a s  a foramen f o r  a p e r s i s t e n t  s t a p e d i a l  a r t e r y ,  
th en  th e  absence  o f  a s t a p e d i a l  a r t e r y  in  th e  e x t a n t  
f a m i l i e s  i s  a synapomorphy e x c lu d in g  th e  n im ra v id s ,  so th e  
s i g n i f i c a n c e  o f  th e  c h a r a c t e r  rem ains th e  same.)
* 16. in v a s io n  o f  m asto id  by th e  hypotympanic s in u s
===> o c c u rs  in  h y a e n id s ,  some m u s te l id s ,  Ba r b o u r o f e l i s . 
and Smilodon
-  23. p o s t e r i o r  l a c e r a t e  foramen lo c a te d  m e d ia l ly ,  a t
p o s te ro m e d ia l  c o rn e r  o f b u l la
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===> a f e a t u r e  o f  a l l  f a m i l i e s  c f  e x t a n t  c a rn iv o ra n s
* 24. r e d u c t io n  o r  l o s s  o f  p o s tg le n o id  foramen
===> u n i t e s  fo u r  e x t a n t  f a m i l i e s  o f f e l o i d s  ex c lu d in g  
th e  N im rav idae ; co n v e rg en t  in  a g u a t i c  a r c t o i d s
26. r e d u c t io n  o r  l o s s  o f  th e  b read  s h e l f  c o n n ec tin g  
m astoid  and p a r o c c i p i t a l  p ro c e s s e s  
===> u n i t e s  fo u r  e x t a n t  f a m i l i e s  o f f e l o i d s ,  exc lud ing  
th e  N im ravidae ; o ccu rs  a l s o  i n  th e  Canidae and in  
some a r c t o i d s
0 27. p a r o c c i p i t a l  p r o c e s s e s  cup th e  p o s t e r i o r  margin o f  
b u l la
===> u n i t e s  fo u r  e x t a n t  f a m i l i e s  o f  f e l o i d s ,  exc lud in g  
th e  Nim ravidae
* 30. te n to r iu m  i s  w e l l  o s s i f i e d  v e n t r a l l y ,  o v e r ly in g  t h e
a n t e r o l a t e r a l  f a c e  o f  t h e  p e t r o s a l  
===> u n i t e s  th e  f o u r  e x ta n t  f a m i l i e s  o f  f e l o i d s ,
e x c lu d in g  th e  Nimravidae ( c o n d i t io n  n e t  Known in  
m iac id s  and v iv e r r a v id s )
The rem ain ing  c h a r a c t e r s  were c o n s id e re d  
u n in fo rm a tiv e  f o r  one o r  more of th e  r e a s o n s  l i s t e d  above. 
Reasons, f o r  t h a t  d e c i s io n  a r e  given f o r  each  c h a r a c t e r  in  
th e  i n d iv id u a l  a n a l y s e s .  Recognized d i s t r i b u t i o n s  o f  th e  
in fo rm a t iv e  c h a r a c t e r s  a re  summarized in  F ig u re  58.
A v a r i e t y  o f  synaporaorphies can be seen  to  u n i t e  th e  
f e l o i d  c a rn iv o ra n s  e x c lu d in g  th e  n im ra v id s ,  thus 
c o n t r a d i c t i n g  M artin*s  (1980) p h y lo g e n e t ic  h y p o th e s is .
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Some o f  th e  c h a r a c t e r s  he c i t e d  t o  d e f in e  a  fam ily  F e l id a e  
s e p a r a t e  from th e  N im ravidae , a r e  a c t u a l l y  f e l o i d  
c h a r a c t e r ^  and u n i t e  s e v e r a l  f a m i l i e s  w hile  e x c lu d in g  th e  
N im rav idae . T here  were no c h a r a c t e r s  t h a t  i n d ic a t e d  t h a t  
t h e  n im rav id s  might be s i s t e r  group t o  t h e  f e l o i d s  a s  a 
w hole , and a co u p le  o f  c h a r a c t e r s  u n i te d  can ifo rm s and 
f e l i f o r r a s  e x c lu d in g  t h e  n im ra v id s ,  so p o s i t i o n  2 on the  
phylogeny i n  F ig u re  7 was a l s o  c o n t r a d i c t e d .
There were no c h a r a c t e r s  t h a t  dem onstra ted  a 
r e l a t i o n s h i p  between th e  N im ravidae and t h e  Canidae 
s p e c i f i c a l l y ,  b u t  one can h a rd ly  say t h a t  Hough’s 
h y p o th e s is  was c o n t r a d ic t e d  becau se  she  was t r y in g  to  
a rg u e  f o r  a r e l a t i o n s h i p  between th e  e n t i r e  F e l id a e ,  
in c lu d in g  th e  N im ravinae and e x c lu d in g  th o s e  taxa  sh e  
p lac ed  in  a M acha irodon tidae  (see  T able  1 ) ,  and th e  
C an idae ; t h a t  s e t  of r e l a t i o n s h i p s  i s  th o ro u g h ly  
c o n t r a d ic t e d  by th e  seven  au tapom crph ies  f o r  th e  
Nim ravidae a s  h e re  c o n s t i t u t e d .
Nor was s p e c i f i c  su p p o r t  found f o r  Flynn and 
G a l ia n o ’s  h y p o th e s is  t h a t  th e  N im ravidae a r e  s i s t e r  group 
to  th e  C an ifo rm ia :  a l th o u g h  th e  d e r iv e d  c h a r a c t e r s  l i s t e d
in  c a te g o ry  two above a r e  sh a red  most o f t e n  w ith  one or 
more can iform  fa m ily ,  t h e r e  emerged no p a t t e r n  of 
c h a r a c t e r  d i s t r i b u t i o n  t h a t  would a llo w  f o r  a pa rs im o n iou s  
p lacem ent o f  t h e  N im ravidae e i t h e r  most c lo s e ly  r e l a t e d  to  
o r  w i th in  th e  C a n ifo rm ia .  The v a r io u s  d e r iv e d  c h a r a c t e r s
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u n i t i n g  subgroups w i th in  t h e  C an ifo rm ia  and not p r e s e n t  in  
N im ravidae p re c lu d e  t h a t ,  a s  do th e  two synapom orphies f o r  
t h e  C a rn ivo ra  a s  a whole e x c lu d in g  th e  N im rav idae . 
T h e re fo r e ,  th e  most pa rs im on ious  p h y lo g e n e t ic  h y p o th e s is  
i s  t h a t  shown in  F ig u re  58, in  which th e  Nim ravidae i s  th e  
s i s t e r  group t o  th e  r e s t  o f  th e  C a rn iv o ra .  I h i s  p lacem ent 
i s  r e f l e c t e d  i n  th e  c l a s s i f i c a t i o n  (p . 18) i n  which the  
N im ravidae i s  p laced  a s  a p le s io n  fam ily  in  th e  C a rn iv o ra  
b u t  o u t s id e  Y i th e r  s u b o r d e r .
The f i n a l  problem  i s  th e  r e l a t i o n s h i p  o f  
B a r b o u ro f e l i s  to  th e  n im rav ids  o r  e ls e w h e re .  I  found o n ly  
two (or t h r e e  i f  you wish to  coun t c h a r a c t e r  7 in  F ig u re  
58 a s  w e ll)  d e r iv e d  c h a r a c t e r s  o f  th e  n im rav id s  t h a t  
B a r b o u ro f e l i s  had as w e l l .  In  c o n t r a s t ,  B a r b o u ro fe l i s  d id  
n o t  p o s s e s s  t h e  rem ain ing  seven r e s t r i c t e d  au tapom orph ies  
f o r  t h e  N im rav idae . Thus, based on th e  b a s ic ra n iu m , i f  
B a r b o u ro f e l i s  i s  r e t a i n e d  w ith in  th e  N im rav idae , i t  would 
be s i s t e r  group t o  t h e  r e s t  o f  th e  n im ra v id s .  T h is  i s  
e v id e n ce  t h a t  B a r b o u ro f e l i s  i s  p r e s e n t in g  a problem but 
n o t  t h a t  B a r b o u ro f e l i s  does n o t  a c t u a l l y  be long  w i th in  th e  
f a m i ly .  The on ly  p ro p e r  r e f u t a t i o n  o f  t h a t  h y p o th e s is  
would be a b e t t e r  su p p o r te d  h y p o th e s is —and I  have no 
b e t t e r  ev id e n ce  l i n k i n g  B a rb o u ro fe l is  anywhere e l s e .  Two 
c h a r a c t e r s  u n i t e  i t  w ith  t h e  f e l o i d s ,  and one s p e c i f i c a l l y  
w ith  th e  h y aen id s  (a l th o u g h  a v e ry  weak o n e - - th e  in v a s io n  
o f  t h e  m astoid by th e  hypotympanic s i n u s ) . But t h i s  i s
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abou t th e  same w eight o f  e v id e n ce  u n i t i n g  B a rb o u ro fe l i s  
w ith  th e  n im ra v id s ,  and B a rb o u ro fe l i s  i s  a l s o  l a c k in g  many 
synapom orphies t h a t  u n i t e  th e  f e l o i d s  ex c lu d in g  i t .
C le a r ly  Ba r b o u r o f e l i s  s h a re s  one s p e c t a c u la r  
c h a r a c t e r  o r  c h a r a c t e r  complex w ith  a s u b s e t  o f  th e  
n im ra v id s :  i t  p o s s e s s e s  very  long  s a b e r - l i k e  c a n in e s  and
th e  e x a g g e ra te d  c r a n i a l  morphology t h a t  accompanies such 
h y p e rtro p h y  o f  th e  c a n i n e s ,  b u t  s u p e r f i c i a l l y  t h i s  genus 
s h a r e s  t 'ne same f e a t u r e s  w ith  a su b s e t  o f  t h e  f e l i d s  as  
w e l l .  My c o n c lu s io n  i s  t h a t  t h e  p h y lo g e n e t ic  p o s i t i o n  o f  
B a rb o u ro fe l is  i s  p r e s e n t l y  very  p oorly  s u p p o r te d ,  b u t  t h a t  
I  can o f f e r  no s t r o n g e r  h y p o th e s is .  U n t i l  I  can , I  leav e  
t h i s  genus in  th e  N im ravidae , b u t  w ith  th e  c a v e a t  t h a t  i t s  
r e l a t i o n s h i p s  need f u r t h e r  s tu d y .  To t h i s  en d ,  a d e t a i l e d  
s tu d y  o f  E usm ilu s . H oplophoneus. and Sansanosm ilus would 
p robab ly  be e x tre m e ly  in f o r m a t iv e ,
In  c o n c lu s io n ,  t h e  b a s i c r a n i a l  anatomy c f  th e  
N im ravidae i n d i c a t e s  a phylogeny in  which t h e  fam ily  a ro s e  
in d e p e n d e n t ly  o f  th e  r e s t  o f  t h e  C arn iv o ra  from t h e  common 
a n c e s to r  t o  t h e  o rd e r  (w ith  th e  p o s s i b i l i t y  t h a t  some ta x a  
we a re  now p la c in g  i n  M iacidae o r  V iv e r ra v id a e  a r e  a ls o  
l i k e l y  t o  form s i s t e r  group (s) t o  th e  r e s t  o f  th e  
C a rn iv o ra ,  in c lu d in g  perhaps  t h e  Nimravidae) . T h is  
e v id e n ce  shou ld  be c o n s id e re d  a s  w ell as  d e n ta l  and o th e r  
c r a n i a l  f e a t u r e s  when t h e  r e l a t i o n s h i p s  o f  th e  fam ily  a r e  
e v a l u a t e d .  No cla im  i s  made t h a t  th e  bas ic ran ium  i s  a
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so u rc e  o f  any more r e l i a b l e  c h a r a c t e r s  th a n  anywhere e l s e  
in  th e  a n im a l ,  o n ly  t h a t  t h e  com plex ity  o f  th e  b as ic ran iu m  
i s  l i k e l y  t o  p ro v id e  a w ea lth  o f  f e a t u r e s  t o  c o n s id e r .  I  
would s t i l l  recommend t h a t  any m o rph o lo g ica l  a n a l y s i s  be 
perform ed and r e p o r te d  in  a more e x p l i c i t  f a s h io n  th a n  i s  
th e  currfent p r a c t i c e ,  s i n c e  th e  topo logy  o f  th e  phylogeny 
i s  a d i r e c t  f u n c t io n  o f  th e  c h a r a c t e r  a n a l y s i s  i f  some 
s o r t  o f  s ta n d a rd iz e d  c l a d i s t i c  a n a l y s i s  i s  adopted  fo r  
d e r iv in g  t h a t  phy logeny .
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T able  1: C l a s s i f i c a t i o n  o f  th e  C a rn iv o ra  p re s e n te d
by Hough in  h e r  19 53 s tu d y  of th e  f e l i d  a u d i to r y  r e g io n .  
Her group M achairodon to idea  was based on v a r io u s  f e a t u r e s  
a l l  r e f l e c t i n g  th e  s a b e r to o th e d  morphology o f  i t s  members. 
The c h a r a c t e r s  t h a t  formed th e  b a s i s  f o r  th e  C y n o -fe lo id ea  
can be sim ply  summarized a s  a cano id  b a s i c r a n i a l  
m orphology.
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T ab le  2: A l i s t  o f  th e  f o s s i l  m a te r i a l  s tu d ie d  in
d e t a i l  in  t h i s  a n a l y s i s .  Given f o r  each specimen i s  th e  
c u r r e n t  i d e n t i f i c a t i o n  (acco rd in g  t o  th e  housing  
i n s t i t u t i o n ) , th e  specimen number (one p receed in g  a s t e r i s k  
d e n o te s  th e  ty p e  o f  t h e  s p e c i e s ,  two a s t e r i s k s  th e  type o f  
t h e  genus and s p e c i e s ) ,  and th e  sp e c im en 's  approx im ate  
a g e ,  i n  North American Land Mammal Ages and t h e i r  
e q u iv a le n t  in  L y e l l i a n  e p o ch s .
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FOSSIL MATERIAL STUDIED
________name_____________ specimen no .
NIMRAVIDAE
B arb ou rofe lis  m orrisi F:AM 61961 
S ch u ltz7~ S ch u ltz , and Martin 
l e f t  tem poral reg ion  and o cc ip u t
B arbou ro fe l i s  mor r i s i  
s k u l l
f e l l s  m o r r i s i
F:AM 61871
F :AM 61876
s k u l l
B a rb o u ro fe l i s  m o r r is i  F:AM 61891 
o c c ip u t  and p a r t  o f  r i g h t  
tem pora l  r e g io n
F:AM 61895m o r r is i  
s k u l l ,  j u v e n i l e
Bar b o u r o f e l i s  lo v e i  UF 23796
Baskin
p o s t e r i o r  p a r t  o f  cranium
B arbourof e l i s  l o v e i  
l e f t  tem p o ra l  r e g io n
UF 24432
B a r b o u ro fe l i s lo v e i  UF 36867
p o s t e r i o r  t w o - t h i r d s  o f  s k u l l
D i n i c t i s  f e l i n a Leidy -*AMNH 455 
s k u l l
D i n i c t i s  c v lo p s  Cope 
s k u l l
D i n i c t i s  s q u a l id e n s  
Cope s k u l l
D in i c t i s  s p .
““ s k u l l
D i n i c t i s  s p .  






l a t e  C larendonian  
( = la te  Miocene)
l a t e  C larendonian  
( = la te  Miocene)
l a t e  C larendonian  
( - l a t e  Miocene)
l a t e  C larendonian  
( = la te  Miocene)
l a t e  C larendon ian  
(= la te  Miocene)
l a t e  C larendonian  
(= la te  Miocene)
l a t e  C larendonian  
(= la te  Miocene)
l a t e  C larendon ian  
(= la te  Miocene)
O re l la n  (=middle 
Oligocene)
E a r ly  A rikareean  
( = la te  O ligocene)
O re l la n  (=middle 
Oligocene)
O re l la n  (=middle 
O ligocene)
O re l la n  (=middle 
O ligocene)
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D i n i c t i s  s p .  AMNH (S.D.
l e f t  and p a r t  o f  r i g h t  230-4152) 
tem pora l r e g io n s
D i n i c t i s  f e l i p a Leidy 
s k u l l
D i n i c t i s  f e l i n a Leidy 
s k u l l  o f  su b a d u l t




p o r t io n  o f  p o s t e r i o r  h a l f  o f  s k u l l
Eusm ilus c e r e b r a l i s  
Cope s k u l l
Hoplophoneus prim aevus 
Leidy s k u l l
Hoplophoneus s p .  
s k u l l
Hoplophoneus s p .  
s k u l l
Hoplophoneus s p .  






Hoplophoneus s p .  AMNH 82440
p o s t e r i o r  h a l f  o f  s k u l l ,  f r o n t a l  
p la n e  s e c t i o n
Nimravus brachyops 
Cope s k u l l
Nimravus brachvops 
s k u l l
Nimrav u s  s p .  
' ' “ s k u l l
Nimravus s p .
s k u l l ,  j u v e n i l e
Nimravus s p .  






O re l la n  (=middle 
O ligocene)
O re l la n  (=middle 
O ligocene)
O re l la n  (=middle 
O ligocene)
O re l la n  (=middle 
O ligocene)
E a r ly  A rikareean  
<=late  O ligocene)
O re l la n  (=middle 
O ligocene)






O re l la n  (=middle 
Oligocene)
E a r ly  A rikareean  
( = la te  O ligocene)
E arly  A rikareean  
{= la te  O ligocene)
Whitneyan (= la te  
Oligocene)
E a r ly  A rikareean  
( = la te  O ligocene)
E a r ly  A rikareean  
( = la te  O ligocene)
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FELIDAE
P seu d a e lu ru s  S i n c l a i r i  F:flM 61835 e a r l y  E a rs to v ia n
Matthew s k u l l  (=middle Miocene)
Smilodon f l o r id a n u s  LACM HC6997 R ancholabrean
l e f t  tem p o ra l  r e g io n ,  (= P le is to c e n e )
t r a n s v e r s e l y  s e c t io n e d
Smilodon f l o r id a n u s  LACM HC6998 Rancholabrean
a n t e r i o r  p o r t io n  o f  r i g h t  (= P le is to c e n e )
tem pora l  r e g io n ,  t r a n s v e r s e l y  s e c t io n e d
Smilodon f l o r id a n u s  LACM HC6999 R ancholabrean
l o n g i t u d i n a l  ( s a g i t t a l )  (= P le is to c e n e )
s e c t i o n  o f  r i g h t  tem p o ra l  r e g io n
Smilodon f l o r id a n u s  LACM HC7000 R ancholabrean
spheno id  and bo th  tem pora l  (= P le is to c e n e )
re g io n s  o f  a s u b a d u l t
Smilodon f lo r id a n u s  LACM HC7001 Rancholabrean
p o r t io n  o f  l e f t  and r i g h t  (= P le is to ce n e )
m asto id  and e c t o -  and e n to ty m p a n ic s ,  and p a r t  
of a p e t r o s a l
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T ab le  3: Taxa r e p r e s e n te d  by specim ens used i n  t h i s
s tu d y  f o r  com parison . Age and provenance a r e  g iven  fo r  
f o s s i l  m a t e r i a l .
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MARSUPIALIA
P aram e lid ae
Param eles s p .
D id e lp h id ae
D id e lp h is  v irg in ian u m
LIPOTYPHLA
E r in a c e id a e
E r in a ce u s  eu rop aeus  
E ch inosorex gymnuras
CREODONTA
H yaenodontidae
Hyaenodon c r u c i a n s —O lig o c e n e ,  North America 
P a le o n y c t id a e
Pr o v iv e r r a  r a o a x — Eocene, North America 
Thinocyon v e lo x —E ocene. North America
CARNIVORA
in c e r t a e  s e d i s . P a le o g a le  l a gcphagus—O lig o c e n e ,
N orth America
M iacidae
Vulpavus s p . —Eocene, N orth America 
V iv e r ra v id a e
V iverravus  s p p . —Eocene, North America 
V iv e r r ia a e
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P aradox u rinae
Paradoxurus . s p — j u v e n i l e  
Paguma . s p — young a d u l t  
A r c t i c t i s  s p .
N andinia  b i n o t a t a — ju v e n i l e s  and a d u l t  
V iv e r r in a e
G enetta  s p .
V iv e r r i c u la  s p . — j u v e n i l e  
C i v e t t i c t i s  s p .
V iverra  z ib e th e c a  
C ry p to p ro c t in a e
C ry p to p ro c ta  f e r o x — j u v e n i l e  and a d u l t
F e l id a e
F e l in a e
F e l i s  sp p .
N e o fe l i s  nebu losa  
P a n th e r in a e
P a n th e ra  s p p . — j u v e n i l e s  and a d u l t s  
Acinonycinae
Uncia u n c ia
Acinonvx i u b a tu s— j u v e n i l e  and a d u l t s  
Acinonvx t ru m a n i—P l e i s to c e n e ,  North America 
H e rp e s t id a e
Hem igalinae
E u o le re s  goudo ti
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Hemioalus h a rdw icke i  
H e rp es tin a e
H erp es te s  a u rc p u n c ta tu s — ju v e n i l e  and a d u l t
Xenogale s p .
G a l id i in a e
G a l id ia  e le g a n s
Hyaenidae
P r o te l i n a e
P r c t e l e s  c r i s t a t u s — j u v e n i l e  and a d u l t  
Hyaeninae
C rocuta  c r o c u ta — j u v e n i l e  and a d u lt
Canidae
Caninae
Canis l a t r a n s  
H esperocyoninae
Hesperocvon s p . —O lig o ce n e ,  North America
U rs id ae
U rsinae
Ursus a m e ric an u s— j u v e n i l e s  and a d u l t  
Hemicyoninae
C ephalogale  g r a c i l i s —O lig o c e n e ,  Europe 
P rocyon idae
Procyoninae
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page U91
Nasua n a s u a — j u v e n i l e  and a d u l t  
Procvon l o t o r
M u s te l ld ae
L u tr in a e
L u tra  s p p . — ju v e n i l e  and a d u l t  
T a x id i in a e
Taxidea spp .
M elinae
Meles s p . — j u v e n i l e  and a d u l t  
M uste lin ae
M ustela s p .
M ephitinae
M ep h itis  s p .
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T ab le  4: An o u t l i n e  o f  c h a r a c t e r  and c l a d i s t i c
a n a ly s e s  summarizing th e  a n a l y s i s  a t  each s t e p ,  
c h a r a c t e r i z i n g  th e  h y p o th e s is  r e s u l t i n g  from each s t e p ,  
and l i s t i n g  ad hoc h y p o th e se s  invoked a t  each  s t e p  in  
r e s p o n se  to  c o n t r a d i c t i o n s  in  t h e  e v id e n c e -  The s t e p s  and 
l e v e l s  c o rre sp o n d  to  th o s e  in  F ig u re  15-




ad hoc h y p o theses  denying 
in fo rm a tio n  from a lower 
l e v e l  o f t h e  a n a l y s i s
c l u s t e r i n g  i n d iv i d u a l  
m orpho log ies  i n t o  th e  s m a l l e s t  
c o n s i s t e n t  c l u s t e r  ( c h a r a c t e r  
s t a t e )  and th en  i d e n t i f y i n g  
f e a t u r e s ,  i . e . ,  c l u s t e r i n g  
s t a t e s  i n t o  i n c l u s i v e  s e t s  c f  
homologues.
c o n tr a  l e v e l  I  
i n d iv id u a l  v a r i a t i o n  
env iro n m en ta l  in f lu e n c e  
breakage o r  incom plete  
p r e s e r v a t io n
HYPOTHESIS. —f e a t u r e  X in  taxon  A 
i s  th e  same a s  f e a t u r e  X i n  taxon  B.
STEP 2:
c o n s t r u c t in g  a h ie r a r c h y  o f  
c h a r a c t e r s ,  each o f  which 
com prises  com parable c h a r a c t e r  
s t a t e s ,  based on th e  r e l a t i v e  
g e n e r a l i t y  o f th e  c h a r a c t e r s
c o n tra  l e v e l  I I
lo s s
neoteny
in co m p le ten ess  o f  f o s s i l  
rec o rd
HYPOTHESIS. —f e a t u r e  Y i s  more g e n e ra l  th a n ,  
and in c l u d e s ,  th e  more s p e c i a l i z e d  f e a t u r e  Z.
CLADISTIC ANALYSIS 
STEP 3:
f in d in g  t h e  cladogram  t h a t  
b e s t  a cc o u n ts  f o r  a l l  th e  
c h a r a c t e r  d i s t r i b u t i o n s
HY POTHESIS. - - ta x o n  A i s  more 
c lo s e l y  r e l a t e d  to  B th an  
e i t h e r  i s  t o  C.
c o n tr a  l e v e l  I I  
convergence 
r e v e r s a l  
neoteny
in co m p le ten ess  o f  f o s s i l  
rec o rd  
c o n tra  l e v e l  I I I  
r e o rd e r in g  c f  c h a r a c te r  
s t a t e s
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T ab le  5: Three s im p le  exam ples o f  p o s s ib l e  c o n f l i c t
between ev id e n ce  fo r  p o l a r i t y  from th e  d i s t r i b u t i o n  c f  
c h a r a c t e r  s t a t e s  a c r o s s  a d u l t  m orpho log ies  and a c r o s s  
o n to g e n e t ic  s t a g e s .  See t e x t  f o r  d i s c u s s i o n .
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A.
a d u l t :
f e t a l :
B.
a d u l t :  
f e t a l :
C.
a d u l t :
j u v e n i l e :
m v s t ic e te s o d o n to c e te s
no t e e t h  
t e e t h
t e e t h
t e e th
n o v e l ty :
ontogeny:
s t a t e
c o n s id e re d
£Xi2itive
no t e e t h  
t e e t h
ad hoc 
h y p o th e s is
LCSS
o th e r  c h o rd a te s humans
sm a ll  b r a in  
l a r g e  b r a i n
l a r g e  b ra in  
l a r g e  b ra in
no v e lty * :  
o n to g en y :
s t a t e
c o n s id e re d
sm all b ra in  
l a r g e  b ra in
ad hoc 
h y p o th e s is
NEOTENY
*and t r a n s f o r m a t i o n i s t  a ssu m p tio n s ,  
s e e  t e x t .
o th e r  Amby s toma a x o l o t l
no g i l l s  
g i l l s
g i l l s
g i l l s
n o v e l ty :
on togeny :
c l a d i s t i c
p o s i t i o n :
s t a t e
c o n s id e re d
B iinLitiye
no g i l l s  
g i l l s
no g i l l s
ad hoc 
h y p o th e s is
NEOTENY
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T ab le  6: A summary o f  t h e  c h a r a c t e r s  o f  th e  e a r
re g io n  most com prehens ive ly  d is c u s s e d  in  t h e  l i t e r a t u r e ,  
in  th e  c o n te x t  o f  which t o  c o n s id e r  t h e  summary o f  
n im rav id  s t r u c t u r e  t h a t  i s  drawn from th e  d e s c r i p t i o n s  in  
t h i s  s t u d y .  One can q u ic k ly  s e e  th e  co herence  of F low er*s 
A e lu ro id e a ,  and , a l th o u g h  l e s s  im m ed ia te ly ,  of h i s  
A rc to id e a  a s  w e l l .  Na n d in ia  i s  o m it ted  from th e  summaries 
f o r  V iv e r r id a e ,  and P o to s  from P ro cy on idae , because both 
a r e  so  anomalous in  so  many ways t h a t  c u r r e n t  c o n c e p ts  o f 
t h e  b a s i c  morphology o f  th e  f a m i l i e s  would be o b sc u re d .
The f a m i l i e s  a re  d e s ig n a te d  by s i n g l e  l e t t e r s ,  a s  f o l lo w s :
The symbols have th e  fo l lo w in g  m eanings:
♦ f e a t u r e  i s  p r e s e n t  o r  c o n d i t io n  i s  t r u e  
-  f e a t u r e  i s  a b s e n t  o r  c o n d i t io n  i s  n o t  t r u e  
x c o n d i t io n  i s  v a r i a b l e  w i th in  th e  fam ily  
0 n o t  a p p l i c a b l e  ( i . e .  s t r u c t u r e  m issing)
? no in fo rm a tio n  in  t h i s  l i t e r a t u r e
S o u rc e s :
Bugge, 1978; C lark  and Guensburg, 1972; F low er, 1869;
D avis and S to ry ,  1943; H unt, 1974; M iv a r t ,  1885; Repenning 
and T ed fo rd ,  1973; S e g a l l ,  1943; T u rn e r ,  1848; Zhanxiang 
and S c h m id t - K i t t l e r ,  1982.
F = F e l id a e
Y = Hyaenidae
V = V iv e r r id a e  
H = H e rp e s t id a e  
C = Canidae
U = U rs id ae  
0 = O ta r i i d a e  
R = P rocyon idae  
M = M u s te l id a e  
P = Phocidae
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ARTERIAL
a n as to m o sis  (aU i n t r a c r a n i a l ,  a2
e x t r a c r a n i a l )  between e x t .  c a r o t i d
^  ■
a .  ( i n t .  m a x i l la ry  a . )  and a r t e r i a l
c i r c l e  ( i n t .  c a r o t id  a . ) ,  th ru  F Y V H  C U C R M P
s p h e n o r b i t a l  foramen ♦ ♦ ♦ ♦ ♦ -  ? x x ?
aU developed i n t o  a t  l e a s t  s im p le  F Y V H  C U C R M P
r e t e  ( i n t r a c r a n i a l )  + ♦ ♦ ?  -  -
r e t e  in  att l a r g e ;  r e t e  i n  a2 F Y V H C U O R M P
p r e s e n t  + + - -  -  -  ? -  -  ?
lo o p s  of i n t .  c a r o t i d  a .  w i th in
cav ernous venous s in u s  o r  F Y V H C U O R M P
i n f e r i o r  p e t r o s a l  s in u s  _ _ _ -  -
i n t e r n a l  c a r o t id  a r t e r y :  F Y V H  C U C R M P
a t  l e a s t  somewhat reduced  + + ♦ ?  -  - - - - -
very  reduced o r  a b s e n t  + ♦ -  -  -  - - - - -
an as to m o sis  X p r e s e n t ,  between F Y V H  C U O R M P
o c c i p i t a l  a .  and v e r t e b r a l  a .  + ♦ ♦ + + - ? - ♦ ?
a n as to m o sis  Y p r e s e n t ,  between
ascen d in g  pharyngeal a .  and d i s t a l  . F Y V H  C U O R M P
i n t .  c a r o t i d  a .  a t  i n t .  c a r o t i d  f o r .  + - - ♦  ♦ - ? x x ?
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a r t e r i a l  supp ly  to  d u ra  annexed by
e x t .  c a r o t i d  a .  sy s tem : F Y V H  C U O R M P
v ia  d i s t a l  s t a p e d i a l  a .  stem and
proxim al s u p r a o r b i t a l  a .  ♦ +
v ia  d i s t a l  s u p r a o r b i t a l  b ranch
from o r b i t a l  a r t e r i e s  -  -  -  ♦ -  _ ? _ x ?
AUDITORY BULLA
e x te r n a l  a u d i to ry  m ea tus : F Y V H  C U O R M P
a t  l e a s t  a s h o r t  tu b e  _ ♦ -  ♦ x + + + + +
a long  tube  (a t  l e a s t  v e n t r a l  l i p )  -  - -  -  -  ♦♦• #•  + +
e x te r n a l  a u d i to r y  m eatus d i r e c t e d :  F Y V H  C U O R M P
l a t e r a l l y  0 + 0 +  + -  -  ♦ -  o
a n t e r o l a t e r a l l y  0 - 0 -  -  ♦ ♦ -  ♦ o
s e p t a :  F Y V H  C U O R M P
b ila ro in a r  septum b u l l a e  + - ♦ ♦  -  - - - - -
?un ilam inar  Y ectotym panic septum 
p a r t i a l ,  a n t e r i o r ,
en to tym pan ic  septum _ _ _ _  ♦ - x x x x
p o s t e r i o r ,  en to ty m p an ic  s e p ta  _ _ _ _  +
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c o n d i t io n  o f  c a u d a l  e n to ty m p an ic :  F Y
• v "-O C-
e lo n g a te  El (Hunt’s  d e s ig n a t io n )  -  ?
h e m isp h e r ic a l  El ♦ -
?no s e p a ra te  E l  & E2 (could  be an 
e lo n g a te  E l  fused  e a r l y  t o  E2) -  ?
ca u d a l  en to tym pan ic  sm a l l  r e l a t i v e  F Y
to  r o s t r a l  en to tym - & e c to ty m . -  ?
c a u d a l  en to tym pan ic  expanded + -
a u d i to r y  c a v i ty  expanded F Y
p o s t e r i o r  t o  promontorium + ♦
F Y
g r e a t l y  expanded e c to ty m p an ic  -  +
tym panic  c a v i ty  expanded i n t o  F Y
e x c a v a t io n  in  a d ja c e n t  m asto id  -  ♦
F Y
hypom eatal s in u s  p r e s e n t  -  -
c a r o t i d  can a l  com plete  tu b e  f o r  F Y
some p o r t io n  o f  i t s  l e n g th  x 0
VH C U O R M P
-  -  -  + + -  x -
♦ + -  -  -  x -  -
-  -  ♦  -  -  X X +
VH C U O R M P
-  -  -  + + - X -
♦  ♦  ♦  -  -  ♦  X ♦
VH C U O R M P
♦  ♦  ♦  -
VH C U O R M P
VH C U O R M P
-  -  -  -  -  -  x -
VH C U O R M P
VH C U C R M P
x ♦ ♦ ♦ ♦ ♦ ♦ ♦
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r e l a t i v e  l e n g th  o f  c a r o t i d  c a n a l :  F Y V H  C U O R M P
f u l l  l e n g th  o f  b u l l a  -  0 -  -  -  -  x -
in te r m e d ia te  + o -  ♦ -  -  -  ♦ x ♦
very  s h o r t ,  a n t e r i o r l y  p laced  -  o ♦ -  + - - - - -
a n te ro m e d ia l  apex cf  b u l l a  c v e r la p s  F Y V H  C U O R M P
i n t e r n a l  c a r o t i d  foramen + ♦ + -  ♦ x ♦ -  -  ♦
F Y V H  C U O R M P
ep ity m pan ic  s in u s  p r e s e n t  -  _ ? + + ?
su p ra m ea ta l  f o s s a  e x ca v a ted  i n t o  F Y V H  C U O R M P
squamosal ( f u r t h e r  m o d if ied  i n M)  -  -  -  -  -  x _ + x ?
SURROUNDING STRUCTURES
expanded p a r o c c i p i t a l  p ro c e ss  F Y V H  C U O R M P
cupping  p o s t e r i o r  p o r t io n  c f  b u l l a  + ♦ + ♦  -  - - - - -
p a r t  o f  m asto id  p ro c e ss  from F Y V H  C U O R M P
squamosal ? ? ? ? - ♦ ? ♦ ♦ ?
p o s tg le n o id  foram en: F Y V H  C U O R M P
reduced + ♦ ♦ ♦  -  - ♦ - - ?
a b sen t  + ♦ - -  -  - + - - ?
F Y V H  C U O R M P
a l i s p h e n o id  c a n a l  p r e s e n t  - - x x  + x + x - -
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F ig u re  1 :  The tem p o ra l  ra n g e s  of sa b e r to o th e d  and 
n o n - s a b e r tc c th e d  f e l i d s  and n im ra v id s .  The s c a le  on each 
s k u l l  and jaw r e p r e s e n t s  5 c e n t im e te r s .  " M e ta i lu ru s* i s  
in  q u o tes  because  th e  s p e c i e s  f ig u re d  i s  "M e ta i lu ru s ” 
m in o r , a very d i f f e r e n t  form from th e  ty p e  o f  th e  genus,
M. m a jo r . My r e v i s io n  o f  th e  genus and d e s c r i p t i o n  of a 
r e l a t e d  form from  North America, c u r r e n t ly  in  p r e p a r a t i o n ,  
w i l l  r e a s s ig n  "M.,r minor t o  th e  Ncrth American genus 
P r a t i f e l i s . and d e m o n s tra te  th e  a f f i n i t i e s  o f  P r a t i f e l i s  
to  Acinony x . and th e  a f f i n i t y  o f  K e ta i lu r u s  major t o  th e  
p a n th e r in e s .  Megantereon n o t  f i g u r e d .  M odified from Neff 
(1982), and p a r t l y  a f t e r  Tedford  (1978).
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F ig u re  2: The phylogeny d e s c r ib e d  in  t h e  t e x t  c f
Cope (1880a) c o n t r a s t e d  w ith  th e  c l a s s i f i c a t i o n  proposed 
t h e r e i n .  The f i r s t  subgroup in  th e  N im ravidae was only 
t e n t a t i v e l y  a s s ig n e d  to  t h a t  f a m i ly .  The names i n  quo tes  
were th e  ones used by Cope, and have been r e p la c e d  here  by 
t h e i r  c u r r e n t  d e s i g n a t io n s .  The f e a t u r e s  upon which each 
fam ily  was based a re  l i s t e d  below th e  c l a s s i f i c a t i o n .  (P) 
d e n o te s  p r im i t iv e  c h a r a c t e r  s t a t e s ,  (D) d e r iv e d  c h a r a c t e r  
s t a t e s ,  and (E) e r ro n e o u s  d e s c r ip t io n  o r  i n t e r p r e t a t i o n  o f  
t h e  anatomy, a c c o rd in g  t o  th e  p r e s e n t  a n a l y s i s .
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M egantereon. Smilodon
t
" t r u e  F e l id a e "  Hoplophoneus, Eusm ilu s
\  t
P s e u d a e lu rus Pogonodon




I  Megantereon ("Drep anod on")
i i  Agiasnra ("gmaalurua”) 
Paathera ("Dacia")
Un£i£.
F e l l s  ( in c lu d in g  " C a to l ynx")
Luix
( I  P r o a i lu r u s  
P se u d a e lu ru s )
I I  Nimravus
I I I  D i n i c t i s
E usm ilus
C o n d itio n  i n :
FELIDAE__________NIMRAVIDAE
a l i s p h e n o id  c a n a l  
p o s tg le n o id  foramen 
p o s t e r i o r  c a r o t i d  foramen & 
p o s t e r i o r  l a c e r a t e  foram en 
h y p o g lo s sa l  foramen and 
p o s t e r i o r  l a c e r a t e  foram en
a b s e n t
a b s e n t
<D>
(D)
c o n f lu e n t  (D) 
c o n f lu e n t  (D)
p r e s e n t  (P) 
p r e s e n t  (P)
d i s t i n c t  (E)
d i s t i n c t  (?)
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F ig u re  3: The p h y lo g e n e t ic  r e l a t i o n s h i p s  among th e
f a m i l i e s  o f  C a rn iv o ra  su g g e s te d  by W. B. S c o t t .  The 
P rocyon idae  were o m it te d  by S c o t t  because  o f  lack  o f  
in f o r m a t io n .  (From S c o t t  (1889); sp a c in g  and geometry o f  
t h e  l i n e s  a r e  h i s ,  i n c lu d in g  th e  o f f s e t  p o s i t io n  o f  the 
N im rav idae .)
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U rs id a e
Canidae
M u s te l id aeM iacidae
V iv e r r id a e
Hyaenidae
F e l id a e
Niinravidae
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F ig u re  U: The phyloger.y d e sc r ib e d  in  th e  t e x t  c f
Matthew (1910) and th e  co rre sp o n d in g  c l a s s i f i c a t i o n .  Many 
c h a r a c t e r s  a r e  d is c u s s e d  in  th e  t e x t  o f  h i s  p ap er ;  
however, t h e  a n a to m ic a l  b a s i s  f o r  h i s  c l a s s i f i c a t i o n  may 
be j u s t l y  summarized a s  s a b e r to o th  v e rs u s  n o n - s a b e r tc o th  
m orpho logy .”
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F e l l s  Smilodon
1 t
P se u d a e lu ru s  Machaerodus
t  -  |  \
Njpraygs J £u;
t i /
D l n l c t i s  Hoploghoneus
\  /
(u nd isco vered  M iacidae)
F E L I D R E
F e l in a e
E a l i s






n o n -sa b e r to o th
morphology (P)
s a b e r to o th
morphology (D)
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F ig u re  5: Hypotheses fo r  p a r a l l e l  p h y lo g en ie s  o f th e
N im ravidae and F e l i d a e ,  p u t  f o r t h  in  th e  t e x t  o f  P iv e te a u  
(1931). Both groups have a sm a l l -c a n in e d  r e p r e s e n t a t i v e  
( l e f t )  and a s a b e r to o th e d  l in e a g e  ( r i g h t ) . F u r th e r  
d i s c u s s io n  in  h i s  t e x t  co ncludes  t h a t  th e s e  two f a m i l i e s  
a r e  s i s t e r  groups and to g e th e r  a re  most c l o s e l y  r e l a t e d  to  
t h e  V iv e r r id a e ;  th e s e  r e l a t i o n s h i p s  a r e  summarized by th e  
bottom  d iag ram .
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D i n i c t i s
F E L I D A E Smilodon
/
H acha irod us
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F ig u re  6: The p h y lo g e n e t ic  r e l a t i o n s h i p s  among th e
t r i b e s  in  th e  fam ily  F e l id a e ,  d e sc r ib e d  in  th e  t e x t  of de 
Seaumont (1964).
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F e l i n i  M e t a i lu r i n i  N a c h a iro d o n t in i
\  t /
P s e u d a e lu r in i
T H oplophoneini
tP r o a i l u r i n i
* D i n i c t i n i
1 t
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F ig u r e  7 : A cladogram  d e p i c t i n g  my c u r r e n t  working
h y p o th e s is  o f  th e  p h y lo g e n e t ic  r e l a t i o n s h i p s  among th e  
f a m i l i e s  o f  t h e  o rd e r  C a rn iv o ra .  The p o s i t i o n s  marked 
" I ” ,  "2” , and "S’* r e p r e s e n t  th e  th r e e  d i f f e r e n t  h y p o th e se s  
o f  r e l a t i o n s h i p  o f  th e  fa m ily  N im ravidae t o  th e  o t h e r  
C a rn iv o ra  p roposed  t o  d a t e .  P o s i t io n  ”1" in c lu d e s  th o se  
schemes i n  which mixed l in e a g e s  were p ro p o sed ,  such as 
Matthew (1910); in  such  a rra n g em e n ts ,  m onophyle tic  groups 
co rre sp o n d in g  to  th e  F e l id a e  and N im ravidae were n o t  
re c o g n iz e d .  Arrangem ents t h a t  rec o g n ize d  d i s t i n c t  
f a m i l i e s  b u t  c o n s id e re d  them to  be s i s t e r  g ro u p s ,  such a s  
th o s e  of P iv e te a u  (1931) and M artin  (1980), a re  a l s o  
in c lu d e d  in  » l " .  T edford  (1978) and Baskin  (1981) 
rec o g n ize d  t h a t  o th e r  f e l i f o r m  f a m i l i e s  were more c lo s e l y  
r e l a t e d  t o  th e  F e l id a e  th a n  were th e  N im ravidae—p o s i t i o n  
”2 ' ' .  F i n a l l y ,  Flynn and G a liano  (1982) p o s tu la t e d  a 
can ifo rm  r e l a t i o n s h i p  ( p o s i t io n  M3M) .
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F ig u re  8: The fo u r  ne tw orks p o s s ib l e  f o r  fo u r  t a x a .
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F ig u re  9 : The s e t  of t r e e s  f o r  each o f  th e  f o u r
p o s s ib l e  netw orks fo r  fo u r  t a x a .  The p o s i t i o n  of t h e  ro o t  
f o r  each t r e e  on i t s  network i s  marked by th e  t r e e * s  
number.
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F ig u r e  1 0 :  A h y p o t h e t i c a l  d a ta  m a tr ix  and b e s t - f i t
netw ork f o r  f o u r  t a x a .  A, B, C, and D. A) H ypotheses o f  
homology have been c o n s t r u c te d  p roducing  f i v e  s e t s  o f  
homologues ( f iv e  ”c h a r a c t e r s 1') , each com p ris ing  two 
s t a t e s .  No h y p o th eses  o f  p o l a r i t y  have been made; fo r  
each  c h a r a c t e r  o r  s e t  o f homologues, i t  i s  n o t  y e t  decided  
which f e a tu r e  i s  th e  n o n - in fo rm a t iv e  p r i m i t iv e  c h a r a c te r  
s t a t e  and which th e  c h a r a c t e r  w ith  r e s t r i c t e d  
d i s t r i b u t i o n ,  th e  in fo rm a t iv e  d e r iv e d  c h a r a c t e r  s t a t e .  B) 
A d i s t a n c e  m a tr ix  h e lp s  d e r iv e  and check th e  ne tw ork .
Each number i s  th e  number o f  c h a r a c t e r s  f o r  which t h e  two 
ta x a  d i f f e r .  For exam ple, B and D have d i f f e r e n t  s t a t e s  
f o r  fo u r  c h a r a c t e r s ,  B and C f o r  two. C) The network 
m in im ally  e x p la in in g  th e  c h a r a c t e r  d i f f e r e n c e s .  The 
h y p o th eses  o f homology a r e  p laced  n ex t to  t h e  a p p r o p r ia te  
b ra n c h e s ,  w ith  doub le-headed  a rrow s i n d i c a t i n g  th e  lack  of 
a h y p o th e s is  o f  p o l a r i t y .  The number of c h a r a c t e r  changes 
a r e  shown below each l i n e  fo r  com parison w ith  the  d i s t a n c e  
m a t r ix :  f o r  exam ple , B i s  s e p a ra te d  from D by t h r e e  l i n k s
of  l e n g th s  1 ,  1 ,  and 2 , which t o t a l  t o  U, and B from C by 
1 ,  1 ,  and 0—a t o t a l  o f  2.








A B C D
■ ■ ■ □
•  . • o O
A A A A
- * ★ * *
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F ig u r e  1 1 :  Three ex a m p les  o f  s e t s  o f  p o l a r i t y
h y p p th eses  and th e  r e s u l t i n g  c la d c g ra m s ,  f o r  th e  d a ta  s e t  
in  F ig u re  10 . The f i r s t  column l i s t s  th e  u n in fo rm a tiv e  
p r i m i t iv e  c h a r a c t e r  s t a t e s ,  and th e  second column th e  
c h a r a c t e r s  h y p o th es iz ed  to  g iv e  u s  in fo rm a tio n  abou t 
r e l a t i o n s h i p .  The diagram  in  t h e  t h i r d  column h i g h l i g h t s  
t h e  d i s t r i b u t i o n  o f  each  in f o rm a t iv e  c h a r a c t e r  on th e  
ne tw ork ; t h i s  same in fo rm a t io n  i s  summarized in  t h e  
cladogram  in  th e  f o u r th  column. Example I :  Taxon B has
been d e s ig n a te d  th e  o u t-g ro u p  t o  (ACD); c h a r a c te r  s t a t e s  
t h a t  do n o t  o ccu r  in  3 a r e  th o u g h t  d e r iv e d  f c r  (ACD) o r  
some s u b s e t  t h e r e i n .  Example I I :  A
c h a r a c t e r - b y - c h a r a c t e r  a n a l y s i s  o f  p o l a r i t y  may e a s i l y  
r e s u l t  in  a s e t  o f  p r i m i t i v e  s t a t e s  t h a t  a r e  n o t  found in  
any sample t a x c n .  I n  t h i s  c a s e ,  cne c h a r a c t e r ' s  
d i s t r i b u t i o n  i s  r e s t r i c t e d  to  (D) , t h e  taxon  in  t h e  
'•ou t-g roup  p o s i t io n "  r e l a t i v e  t o  (ABC). Example I I I :  A
c h a r a c t e r - b y - c h a r a c t e r  a n a l y s i s  o f  p o l a r i t y  may a l s o  
r e s u l t  i n  a s e t  o f  c h a r a c t e r s  whose d i s t r i b u t i o n s  
c o n f l i c t ,  a s  shown by th e  la c k  o f  com plete  n e s t in g  of th e  
c h a r a c t e r  d i s t r i b u t i o n s  on th e  n e tw ork . In  t h i s  c a s e ,  i f  
t h e  p o l a r i t i e s  a r e  a c c e p te d ,  t h e  s im p le s t  h y p o th e s is  i s  
t h a t  taxon  D e x h i b i t s  a r e v e r s a l .
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F ig u r e  1 2 :  The d a ta  s e t ,  n e tw o r k ,  and cladogram  f o r
a d a ta  s e t  w ith  two nove l c h a r a c t e r s .  The " c h a r a c te r  
s t a t e "  f o r  c h a r a c te r  1 in  tax o n  D and c h a r a c t e r  2 i n  tax a  
C and D was t h e  absence  of any f e a t u r e  re c o g n iz a b ly  
homologous to  th e  c h a r a c t e r  in  ta x a  A, B, C, and A and B 
' r e s p e c t i v e l y .  Absence ( r a t h e r  th a n  l o s s ) o f  a f e a t u r e  
can n o t  be a c h a r a c t e r .  T h e r e fo r e ,  ou tg roup  comparison i s  
n o t  r e q u i r e d  t o  re c o g n iz e  th e  in fo r m a t iv e n e s s  o f  novel 
c h a r a c t e r s .  A) The d a ta  s e t  w ith  no c h a r a c t e r  s t a t e s  
shown in  th o se  c a se s  in  which any homologous f e a t u r e  i s  
l a c k in g .  B) The netw ork m in im ally  e x p la in in g  th e  
c h a r a c t e r  d i f f e r e n c e s .  The two novel c h a r a c t e r s  a r e  shown 
w ith  a s in g le -h e a d e d  arrow s i n c e  th e  a pr i o r i  assum ption 
i s  t h a t  such c h a r a c t e r s  of a l im i te d  d i s t r i b u t i o n  a r e  
e v o lu t io n a r y  n o v e l t i e s  u n le s s  c h a r a c t e r  c o n f l i c t s  show 
o th e r w is e ,  (see  t e x t )  C) The s e t s  im p lied  by th e  novel 
c h a r a c t e r s ,  and D) t h e  c ladcgram  r e p r e s e n t a t i o n .
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F ig u re  13: A h y p o t h e t i c a l  phylogeny and th e
c o rre sp o n d in g  c ladog ram s. A) A dichotomous phylogeny in  
which c h a r a c t e r  t r a n s fo rm a t io n  o ccu rred  in  each d a u g h te r  
s p e c ie s  a t  th e  tim e o f  s p e c i a t i o n  and th e  a n c e s t r a l  
s p e c i e s  became e x t i n c t .  B) The dichotomous cladogram t h a t  
would be produced i f  a l l  r e l e v a n t  c h a r a c t e r s  were found 
and i n t e r p r e t e d  c o r r e c t l y ,  and no a n c e s t r a l ;  taxa  were 
sam pled . C) The m ultichotom ous cladogram t h a t  would 
r e s u l t  from t h e  phylogeny in  A i f  a l l  ta x a  were sampled 
and no m is ta k es  abou t c h a r a c t e r  d i s t r i b u t i o n s  were made.
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F ig u re  10 : A) A h y p o t h e t i c a l  phylogeny in  which
c h a r a c t e r  t r a n s fo r m a t io n  o c c u rs  o n ly  in  th e  d iv e rg in g  
l i n e s  (sm all  founder p o p u la t i o n s ,  fo r  exam ple ) , and 
a n c e s t r a l  tax a  p e r s i s t  w i th o u t  change contem poraneously  
w ith  d escen d an t t a x a .  B) The cladogram  f o r  th e  phylogeny 
in  A, i f  a l l  t a x a  were sam pled , a l l  r e l e v a n t  c h a r a c t e r s  
were r e c o g n iz e d ,  and no m is ta k e s  about homology were made. 
C) An i n c o r r e c t  bu t f u r t h e r  r e s o lv e d  c ladogram  r e s u l t i n g  
from an i n c o r r e c t  h y p o th e s is  o f  homology. Under t h e  
c u r r e n t  c l a d i s t i c  m ethodology, t h i s  e r r o r  cou ld  n e v e r  be 
d is c o v e re d  and c o r r e c t e d .










. ' ^ 2
B. A B Cf D+ E F Gf H I + J
2 +
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F ig u re  15: An o u t l i n e  o f  th e  s t e p s  and l e v e l s  in
CHARACTER ANALYSIS and CLADISTIC ANALYSIS, and l i s t s  o f  
c r i t e r i a  t h a t  p rov ided  e v id e n ce  f o r  h y p o th e se s  a t  each  
s t e p .  Although ’’c l u s t e r i n g  a lg o r i th m ” i s  i n d ic a t e d  fo r  a 
s te p  in  C l a d i s t i c  A n a ly s is ,  i t  should  be k e p t  in  mind t h a t  
a v a r i e ty  o f  a lg o r i th m s  have been p roposed , and t h a t  none 
g u a ra n te e  th e  s h o r t e s t  network o r  t r e e  w ith o u t e x h a u s t iv e  
se a rc h  ( i . e . ,  th e  S t e in e r  t r e e  problem i s  n o t  ye t  s o l v e d ) .
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d e s c r i p t i o n  & 
i d e n t i f i c a t i o n  
o f  f e a t u r e s
s i m i l a r i t y  i n :
- c o m p o s i t io n ,  d e t a i l s  o f  
s t r u c t u r e  
- t o p c l o g i c a l  r e l a t i o n s h i p s  
- o n to g e n e t i c  h i s t o r y  
-b io m e c h a n ic a l  r e l a t i o n s h i p s
I I .  D i s t r i b u t i o n  o f  c h a r a c t e r  s t a t e s  
and i n c l u s i v e  s e t s  o f  hcmologues
S tep
2
d e te rm in a t io n  
o f  p o l a r i t y
- r e s t r i c t e d  d i s t r i b u t i o n  
( i . e .  nove l f e a t u r e s )  
- d i s t r i b u t i o n s  o f  s t a t e s  
o v e r  o n to g e n e t i c  s t a g e s  
- r e l a t i v e  g e o lo g ic a l  age
I I I .
H r
C h a ra c te r s
( c h a r a c te r  s t a t e  t r e e s )
ou tg roup  * 
com parison
c h a r a c t e r  s t a t e  
t r e e s  f o r  r e s t  
o f  s e t s  o f c h a r ­
a c t e r  s t a t e s
c l u s t e r i n g
a lg o r i th m
Uagner
network
* a p h y lo g e n e t ic  
h y p o th e s is  must be 
assumed t r u e  for 
d e s ig n a t io n  o f  an 
ou tg roup
s s  **mcck ancestor** 
i s  an a r t i f i c i a l  
co n g lo m era t io n  o f  
a l l  p r i m i t iv e  c h a r ­
a c t e r  s t a t e s  from 
t h e  c h a r a c t e r  hypo­
th e s e s  ( l e v e l  I I I )
IV . C ladogram : c l a d i s t i c  (or p h y lo g e n e t ic )  h y p o th e s is
c l u s t e r i n g
a lg o r i th m
d e s ig n a t io n  
o f  o u tg ro u p 5* 
o r  "mock 
ancestor** =>*
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F ig u re  16: A diagram  showing th e  r e l a t i o n s h i p
between c h a r a c t e r  s t a t e s  and c h a r a c t e r s .  C h a r a c te r s  a re  
m onophy le tic  s e t s  of c h a r a c t e r  s t a t e s *  A p r im i t iv e  
c h a r a c t e r  s t a t e  i s  n o t  i t s e l f  a c h a r a c t e r  ( e . g . ,  a3 
r e l a t i v e  t o  aU ), bu t  i s  p a r t  o f  a c h a r a c t e r .  A) The 
h y p o th e s iz e d  c h a r a c t e r  s t a t e  t r e e .  B) The m onophyle tic  
s e t s  o f  c h a r a c t e r  s t a t e s  c o n s t i t u t i n g  th e  c h a r a c t e r s .  C) 
The n e s t in g  r e l a t i o n s h i p  o f  th e  fo u r  c h a r a c t e r s .











c h a r .  A3





\  /a l
c h a r .  Al
a2






a l  = p e c t o r a l  f i n s
a2 = p e c t o r a l  f i n s  w ith  l a r g e  s p in e s  ( c a t f i s h e s )  
a 3 = t e t r a p o i  fo re l im b  
ai* = b i r d  wing
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F ig u re  17 : Two examples i l l u s t r a t i n g  t h e  use of
o n to g e n e t ic  s t a g e s  a s  a d d i t i o n a l  e lem ents  w ith  which to  
a s s e s s  th e  g e n e r a l i t y  o f  t h e  d i s t r i b u t i o n s  o f  c h a r a c te r  
s t a t e s .  See t e x t  f o r  d i s c u s s i o n .
/
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 fcasai X L-
c h a r a c t e r  
s t a t e  i n
a d u l t :  a l  a2
o n to g e n e t ic
seq u en ce :  a l  a2
t ta l  ax
c h a r a c t e r  a2
s t a t e  t r e e :  f
a l
exam ple:
a l  = h o r i z o n t a l ,  h o rse sh o e -sh ap ed  ec to tym p an ic  
a2 = expanded, v e r t i c a l  ec to ty m p an ic
o n to g e n e t i c  aO aO
sequence:  f  f
a2 a2
t  t
a l  a3
example:
aO = no (embryonic) membranes p r e s e n t  (a d u l t  cond it ion#  
a l  = s im p le  ch o rio n  d e r iv e d  from ectoderm  s h e e t  
a2 = ch o rio n  a s s o c ia t e d  w ith  a l l a n t o i c  membrane 
a3 = t r o p h o b la s t
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F ig u re  18 : (A) A s e t  of c h a r a c t e r  s t a t e s  f o r  which 
no p o l a r i t y  h a s  been de term ined  from c h a r a c t e r  a n a l y s i s .  
(B) The most pa rs im o n io u s  p o l a r i t y  ass ign m en t f o r  each  o f  
t h e  t h r e e  p o s s ib le  c la d o g ram s, based on th e  c l a d i s t i c  
h y p o th e s i s .
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F ig u r e  1 9 :  An exam ple  com paring t h e  r e s u l t s  o f
m axim izing parsimony a t  t h e  c l a d i s t i c  l e v e l  a lone  w ith  th e  
r e s u l t s  i f  th e  e v id en ce  from c h a r a c t e r  a n a l y s i s  i s  a ls o  
c o n s id e r e d .  (B) In  t h i s  exam ple , r e v e r s in g  th e  p o l a r i t y  
o f  one o f  th e  o r i g i n a l  t r a n s fo rm a t io n  s e r i e s  in  (A) 
r e s u l t s  i n  an a p p a r e n t ly  s h o r t e r  t r e e .  (C) A com parison 
o f  th e  e v o lu t io n a r y  h i s t o r i e s  o f  th e  f e a t u r e s  in  s e t  c ,  
b e fo re  and a f t e r  th e  r e - i n t e r p r e t a t i o n  a t  th e  c l a d i s t i c  
l e v e l .  (D) The d e t a i l s  of e v o lu t io n a r y  h i s t o r i e s  from (C) 
i f  th e  o r i g i n a l  ev id e n ce  from c h a r a c t e r  a n a ly s i s  rem ains 
u n r e f u t e d ,  i l l u s t r a t i n g  th e  d e c re a s e  in  o v e r a l l  parsimony 
r e s u l t i n g  from c o n t r a d i c t i n g  th e  o r i g i n a l  c h a r a c t e r  
h y p o th e s is  m erely  to  maximize l o c a l  parsim ony in  t h e  
c l a d i s t i c  h y p o th e s is .




s e t  a :  a l  a2 a2 a3
s e t  b ;  b l  b2 b3 b3
s e t  c :  c3 c2 c l  c l
t r e e s  in d ic a te d  
by in d iv id u a l  
c h a r a c t e r  a n a l y s i s
a l->  a2-» a3 
bl->b2->b3 
c l—>c2->e3
i n d iv i d u a l l y
p r e d ic te d




-> a 2 ,b 2
a3
( a l . b l , c l )
7 s t e p s
c h a r a c t e r  s t a t e s  shown on 
cladogram  co n g ru en t w ith  
m a jo r i ty  o f  c h a r a c t e r  hy­
p o th e s e s .  Convergence r e ­
q u ire d  between W and X.
—■>  3 3
( a l , b l , c 3 )
/ (6 s te p s )
c h a r a c t e r  s t a t e s  shown on 
th e  same cladogram  w ith  th e  
p o l a r i t y  o f  t h e  in c o n g ru e n t  
c h a r a c t e r  s t a t e  t r e e  r e ­
v e rs e d ,  p rod uc ing  an ap p a r­
e n t l y  s h o r t e r  p h y lo g e n e t ic  




(two \  *  c2
s t e p s ) \  /  ^  = 2 s te p s
c l  = 3 s t e p s  c3
D. ( ( ( ( c l ) c 2 ) c 3 ) - c 3 ) - c 2
( ( c l ) c 2 ) c 3  ( ( (c l )  c2) c3) -c3
A  ^
I ( (c l)  c2) c3
(c l)  c2 (c l)  c2 f
\ -d ( d ) c 2  = 4 s t e p s
/  f
c l  = 3  s t e p s  c l
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F ig u r e  20 :  A s e c o n d  exam ple  com paring th e  r e s u l t s  o f
maximizing parsimony a t  th e  c l a d i s t i c  l e v e l  a lone  w ith  th e  
r e s u l t s  i f  th e  e v id e n c e  from c h a r a c t e r  a n a l y s i s  i s  a ls o  
c o n s id e re d .  (B) R e -o rd e r in g  th e  s t a t e s  in  one o f  t h e  
o r i g i n a l  t r a n s fo rm a t io n  s e r i e s  i n  (A) (as in  a Mickevich 
t r a n s fo rm a t io n  s e r i e s  a n a ly s i s )  r e s u l t s  in  an a p p a re n t ly  
s h o r t e r  t r e e .  (C) A com parison o f  th e  e v o lu t io n a r y  
h i s t o r i e s  o f  t h e  f e a t u r e s  in  s e t  c .  b e fo re  and a f t e r  th e  
r e - i n t e r p r e t a t i o n  a t  th e  c l a d i s t i c  l e v e l .  (D) The d e t a i l s  
o f  e v o lu t io n a ry  h i s t o r i e s  from (C) i f  th e  o r i g i n a l  
ev id en ce  from c h a r a c t e r  a n a l y s i s  rem ains u n r e f u te d ,  
i l l u s t r a t i n g  th e  d e c re a se  in  o v e r a l l  parsim ony r e s u l t i n g  
from th e  abandonment o f  th e  o r i g i n a l  c h a r a c t e r  h y p o th e s is .
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A. t r e e s  in d ic a te d  
by i n d iv id u a l  
Z c h a r a c t e r  a n a l y s i s
s e t  a :  a l  a2 a2 a3
s e t  b : b l  b2 b3 b3
s e t  c :  c2 c l  a3 c3
a l-> a 2 -» a 3
b l->b2-»b3
c l-> c 2 -» c 3
i n d i v i d u a l l y
p r e d ic te d
r e l a t i o n s h i p s
W(XY <Z))
W (X (YZ) ) 
X(tf(YZ)>
R : \  c l —»a3 •
( a l , b l , c l )  
B . / 7 s t e p s
e i t h e r  c2 i s  developed  
c o n v e rg e n t ly  i n  *J and (YZ) 
o r  r e v e r s e s  to  c l  in  X; 
i n  e i t h e r  c a s e ,  an 'e x t r a *  
s t e p  i s  re q u ire d *
33
/ (6 s te p s )
o rd e r in g  o f  c h a r a c t e r  s t a t e s  
in  t r a n s i t i o n  s e r i e s  c  i s  
changed t o  c 2 - » d - » c 3 ,  which 
r e s u l t s  i n  3n a p p a r e n t ly  
s h o r t e r  t r e e .
C.
c l  ^ c3 
'  c2





= 2 s t e p s
D.
{ (c l )  c2) -c2  ( (c l)  c2) c3
\  /
(c l)  c2
' t
c l = 3 s t e p s
( ( ( ( d ) c 2 ) - c 2 ) c 2 ) c 3
f
( ( (c l )  c2) -c2 )  c2
t
( ( d )  c2 ) -c2
f(c l )  c2 
c l
= 4 s t e p s
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F ig u re  21 : A diagram  summarizing th e  r e s t r i c t i o n  o f  
th e  number o f p o s s ib l e  c h a r a c t e r  s t a t e  t r e e s  under a 
r e s t r i c t i v e  t r a n s f o r m a t i o n i s t  a ssu m p tio n . (A) I f  a 2 i s  
assumed tp  be i n t e r m e d i a t e ,  t h e  on ly  t r e e s  p o s s ib l e  a re  
th o s e  co n g ru en t with th e  netw ork with a2 between a l  and 
a 3 .  (B) Such an assum ption  p re c lu d e s  c o n s id e r a t i o n  of t h e
s i x  o th e r  t r e e s  c o rre sp o n d in g  t o  th e  two o t h e r  p o s s ib le  
n e tw o rk s .
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ft.
a l  = s m a l l  m asto id  p ro c e s s  
a2 = m o dera te ly  s i z e d ,  s l i g h t l y  
e lo n g a te  m astoid  p ro ce ss  
a3 = l a r g e ,  e lo n g a te  m asto id  
p ro c e ss
netw ork o f  c h a r a c t e r  
s t a t e s  i f  a2 i s  a s ­
sumed in te r m e d ia te :
a l — a2— a3
3 p o s s ib l e  c h a r a c t e r  s t a t e  t r e e s  under t h i s  assum ption:
a3 a l
^  ^  a l  a3
a l  a3
3 .  ' i n h e r e n t l y  i l l o g i c a l  t r e e s ' :
a2 a l  ne tw ork :
^  ^  a l  a2
a3 a3 \  a ^ —a3— a ^
A t  a3
a l  a2
a2 a 3 ne tw ork :
A ^  a2 a3
a l  a2 \  ^  a 2 —a l — a3
*  t
a3 a2
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F ig u re  22: The bon es , s t r u c t u r e s ,  fo ram in a ,  and
o th e r  f e a t u r e s  f r e q u e n t ly  mentioned i n  th e  t e x t  a r e  shown 
on diagram s of Fe l i s  c a t u s .  ft) The b a s i c r a n i a l  r e g io n ,  
v e n t r a l  view. B) R ig h t  l a t e r a l  view. C) I n t r a c r a n i a l  
anatomy o f  th e  r i g h t  o t i c  reg io n  of th e  s k u l l .  Boxes 
d en o te  th e  names o f  bones p e r  s e ;  o t h e r  te rm s  r e f e r  to  
s t r u c t u r e s  which may be composed of one o r  mere o f  th e s e  
bo nes .




















































































































F ig u re  23: S te r e o  p a i r  i l l u s t r a t i n g  t h e  s t r u c t u r e s
of th e  tym panic  r o o f . o f  t h e  l e f t  a u d i to ry  r e g io n  i n  a 
c a r n iv o r a n ,  Nasua nasua  (AMDM CA:1286, s u b a d u l t ) .  Most o f  
t h e  b u l l a  has been rem oved. (C orresponding  l i n e  drawing 
w ith  l a b e l s  on page fo l lo w in g  p h o to g rap h s .)
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F ig u re  2ft: Diagram o f  t h e  o s s i f i e d  e lem en ts  i n  th e  
b as ic ran ium  o f  a j u v e n i l e  C anis  ( fou r  days o l d ) • A)
D o rsa l  v iew . B) V e n t ra l  v iew . Eoxes d e n o te  bones r a t h e r  
th an  s p e c i f i c  s t r u c t u r e s .  (Modified from F ig u re  2ft3 in  
S t a r c k ,  1967: ft81.)






























































a l is p h e n o id I













F ig u r e  25 :  S t e r e o  p a ir  o f  a h e m is e c t e d  s k u l l  o f
C anis  l a t r a n s  (AMNH AINS:668-B) i l l u s t r a t i n g  th e  
i n t r a c r a n i a l  s t r u c t u r e s  in  th e  l e f t  o t i c  r e g io n  o f  an 
a r c t o i d  c a r n iv o r a n .  l a b e l l e d  diagram on t h e  nex t page 
fo l lo w in g  p h o to g ra p h s .
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F ig u r e  26 :  Diagram m atic summary o f  th e  r e l a t i o n s h i p s
between th e  o t i c  c a p su le  ( to  become th e  p e t r o s a l ) , th e  
tu b c ty m p an ic  r e c e s s  d e f in e d  by th e  pouch from th e  pharynx , 
and th e  c a r t i l a g e s  o f  th e  p h a ry n g e a l  a r c h e s .  (Taken from 
G ard in e r  e t  a l . ,  1960.)
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F ig u re  27: Diagram o f  th e  m iddle  and in n e r  e a r  o f
dog . M odified frgm G etty  e t  a l . «  1956: 366.

























APERTURE OF THE 
COCHLEAR FOSSULA
SEMICIRCULAR CANALS 




FOOTPLATE IN FENESTRA VESTIBULI
STAPES 
INCUS
PARS FLACCIDA OF 
TYMPANIC MEMBRANE
DORSAL RIM OF TYMPANIC RING
EXTERNAL AUDITORY MEATUS
MANUBRIUM OF MALLEUS






F ig u re  28 : Diagrammatic c r o s s  s e c t i o n  of th e
en to ty m pan ic  i n  D in ic t i s .  showing th e  sa n d w ic h - l ik e  
c o n s t r u c t io n  o f  t h a t  e lem ent c h a r a c t e r i s t i c  o f  a l l  
n im rav id s  s tu d ie d  h e re  e x c e p t  B a r h o u r o f e l i s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page
THIN OUTER f ijW  
LAYER OF v  E g





Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 562
F ig u re  29: S te re o  p a i r  o f  th e  r i g h t  a u d i to r y  reg io n
o f  AMNH 6937, th e  ty p e  o f  D i n i c t i s  c y c lo p s  Cope.
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F ig u re  30: Diagrams i l l u s t r a t i n g  th e  r e l a t i o n s h i p s
between th e  p a r t s  o f t h e  b u l l a  a t  i t s  a n t e r i o r  end in  
D i n i c t i s  cy c io n s  AMNH 6937. The l a r g e  arrow  in  each  
draw ing s p e c i f i e s  th e  a n g le  o f  view o f  t h e  o th e r  d raw ing . 
The most d a rk ly  shaded e lem ent i s  th e  v e n t r a l  p a r t  c f  th e  
e c to ty m p a n ic ;  th e  nex t d a r k e s t  i s  th e  d o r s a l  p a r t  o f  the  
ec to ty m p an ic  r i n g ,  l y in g  on t h e  tympanic r o o f .  The 
l i g h t e s t  s t i p p l e  sh ades  th e  main p o r t io n  of the  (caudal?) 
en to ty m p an ic ,  whereas th e  s l i g h t l y  d a rk e r  s t i p p l e  
a n t e r i o r l y  shades  th e  p o r t io n  o f  th e  en to tym panic  t h a t  
lo o k s  a s  i f  i t  might be a s e p a r a t e  e le m e n t .  Lined 
p o r t io n s  of t h e  e c t o -  and en to ty m p an ic  d e n o te  a re a s  of th e  
bones i n f e r r e d  bu t c u r r e n t l y  h idden  by m a tr ix  (and too  
f r a g i l e  t o  c le a n  f u r t h e r ) . I f  an channe l i n  th e  
b a s isp h e n o id  f o r  th e  an as to m o sis  o f  th e  ascend ing  
p h a ryng ea l  a r t e r y  w ith  th e  i n t e r n a l  c a r o t i d  a r t e r y  i s  
p r e s e n t ,  i t  i s  d o r s a l  t o  th e  en to ty m p an ic . The a n t e r i o r  
a p e r t u r e  o f  t h a t  channe l i s  j u s t  b a re ly  v i s i b l e  deep  in  
t h e  c a n a l i s  m u sc u lo tu b a r iu s , on th e  m edial w a i l .
A) V e n tra l  view o f  th e  a n t e r i o r  p o r t io n  of r i g h t  
a u d i to r y  r e g io n  of AMNH 6937. B) A nterom edia l and v e n t r a l  
view o f  same a u d i to r y  r e g io n .

















POSTERIOR ALAR FORAMEN 































































F ig u re  31: 
o f  D i n i c t i s  s p . ,
S te r e o  p a i r  o f th e  l e f t  a u d i to r y  re g io n  
F:AM 62034, v e n t r a l  v iew .
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BASISPHENOID /ALISPHENOID SUTURE ?
POSTERIOR ALAR FORAMEN 
FORAMEN OVALE
SULCUS FOR ANASTOMOTIC 
RAMUS OF ASCENDING 
PHARYNGEAL ARTERY
INTERNAL CAROTID FORAMEN 
ENTOTYMPANIC 
PROMONTORIUM
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F ig u re  32: S te re o  p a i r  o f  th e  r i g h t  a u d i to ry  reg io n
o f  D i n i c t i s  s p . ,  F:AM 62034, p o s t e r o l a t e r a l  and s l i g h t l y  
v e n t r a l  v iew .
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TYMPANIC NOTCH AND 
EXTERNAL AUDITORY MEATUS
RIGHT MASTOID PROCESS







CHANNEL FOR ANASTOMOTIC RAMUS 




'LEFT PETROBASILAR FORAMEN 
LEFT MASTOID PROCESS 







F ig u re  33: S te re o  p a i r  o f  th e  i n t r a c r a n i a l  a s p e c t  o f
i
t h e  l e f t  o t i c  reg ion  o f D i n i c t i s . AMNH SD 23 0 -a i5 2 ,  
a n te ro m e d ia l  v iew .
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F ig u re  3ft: S te re o  p a i r  of th e  r i g h t  a u d i to ry  reg io n
o f  Nimravus b r ach y o p s . YPM lft385* showing a n t e r i o r  
a c c e s s o ry  s i n u s .  V e n tra l  view .
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\ A L -  — PFMYutl
BUTTRESS OF BASISPHENOID
SULCUS FOR ANASTOMOTIC 





INTERNAL CAROTID FORAMEN 










F ig u re  35: S te re o  p a i r  o f th e  l e f t  a u d i to ry  re g io n
of  Nimravus s p . ,  F:AM 62020, v e n t r a l  view . The e x t r a  
a c c e s s o ry  o s s i f i c a t i o n  in  th e  a n t e r o v e n t r a l  w all o f  th e  
e x t e r n a l  a u d i to ry  meatus i s  i n  p la c e  in  t h i s  specim en.
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CHANNEL FOR ANASTOMOTIC f l















APERTURE OF COCHLEAR 
FOSSULA
-MASTOID PROCESS
\ ‘('"CANAL FOR AURICULAR RAMUS 
OF VAGUS NERVE







F ig u re  36: S te r e o  p a i r  of a d e t a i l  o f  the  same
a u d i to r y  re g io n  shown in  F ig u re  35, showing th e  manubrium 
and neck o f  t h e  m a l le u s  and a n t e r i o r  c ru s  o f  th e  in c u s  o f  
Nimra v u s  s p . ,  F:ftM 62020.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
NEFF: Page 584





















MALLEUS EXTERNAL AUDITORY 
MEATUS
PETROSAL ■ANTERIOR CRUS OF INCUS
APERTURE OF-------
COCHLEAR FOSSULA FACIAL SULCUS
CHANNEL FOR AURICULAR






F ig u re  37: S te re o  p a i r s  p r e s e n t in g  A) d o r s a l  and B)
v e n t r a l  views o f  th e  a c c e sso ry  o s s i f i c a t i o n  from th e  
e x t e r n a l  a u d i to r y  meatus o f  Nimravus s p . # F:AM 620920.
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F ig u re  38: S te r e o  p a i r  o f th e  l e f t  a u d i to ry  r e g io n
o f  Hoplophoneus s p . ,  AMNH 82440, v e n t r a l  v iew , showing th e  
c a n a l  in  th e  p o s t e r i o r  p a r t  o f  t h e  e n to ty m p an ic ,  
h y p o th e s iz e d  h e re  to  have conveyed a l a t e r a l l y  p o s i t io n e d  
i n t e r n a l  c a r o t id  a r t e r y  (=Mproniontory a r t e r y " ) »
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BUTTRESS O F ^  
BAS1SPHENOIO
SULCUS FOR ANASTOMOSIS 
OF ASCENDING PHARYNGEAL 






















F ig u re  39: S te r e o  p a i r  o f  th e  i n t r a c r a n i a l  anatomy
o f  th e  l e f t  o t i c  r e g io n  o f  Hoplophoneus s p . ,  AMNH 8 2UU0, 
m edial and s l i g h t l y  a n t e r i o r  v iew -
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F ig u re  4 0 :  S te re o  p a i r  of th e  l e f t  a u d i to ry  re g io n
of Barbcur o f e l i s  m o r r i s i . F:AM 61871, v e n t r a l  view . The 
v e n t r a l  p o r t io n  o f  t h e  b u l l a  i s  broken in  t h i s  specimen so 
t h a t  some o f  th e  tym panic  r c o f  and i n t r a b u l l a r  s t r u c t u r e s  
a r e  v i s i b l e .
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CRISTA TYMPANIC A 












F ig u re  41: Diagram matic c r o s s  s e c t i o n  through the
a u d i to r y  re g io n  o f  B a r b o u r o f e l i s . a t  a p p ro x im a te ly  th e  
l e v e l  in d ic a te d  in  t h e  diagram  accompanying F igu re  40. 
Based g e n e r a l ly  on F:AM 61871 and UF 36867.





































F ig u re  H2i S te re o  p a i r  of th e  i n t r a c r a n i a l  anatomy 
o f  th e  l e f t  o t i c  re g io n  and p o s t e r i o r  p o r t io n  o f  t h e  s h u l l  
o f  B a rb o u ro fe l i s  m orri s i .  F:AM 61961, a n te ro m e d ia l  view.
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PEDESTAL OF GLENOID 
( g l e n o id  FOSSA
POSSIBLE SUTURE BETWEEN 
EC T - AND ENTOTYMPANIC
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F ig u re  U3: S te re o  p a i r  o f  th e  a u d i to r y  re g io n  of
F e l i s  c a t u s ,  AMNH AINS:589, v e n t r a l  v iew , b u l l a  removed.
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STRUT OVER FACIAL CANAL-
DISTAL PART, FACIAL CANAL
NOTCH FOR AURICULAR 
BRANCH OF VAGUS N.
PAROCCIPITAL
PROCESS
GROOVE FOR PTERYGOID 
NERVE
NTERNAL CAROTID FORAMEN
EXIT OF GREATER SUPERFICIAL 
PETROSAL NERVE














F ig u re  44 : S te re o  p a i r  o f  th e  i n t r a c r a n i a l  f e a t u r e s
in  th e  r i g h t  o t i c  r e g io n  o f  th e  s k u l l  o f  F e l i s  c a tu s . AMNH
■ j
u n c a ta lo g u e d .
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h y p o p h y s e a l  
f o s s a
SUBARCUATE FOSSA 
SIGMOID SINUS












F ig u re  45: S te re o  p a i r  o f th e  l e f t  a u d i to ry  re g io n
of P se u d a e lu ru s  s p . ,  F:AM 61835, v e n t r a l  v iew . The 
v e n t r a l  w a ll  o f  th e  b u l l a  i s  broken away, and a window 
broken in  th e  septum , r e v e a l in g  th e  a n t e r i o r  chamber.
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PTERYGOID . . . . _ .  
NERVEN. \H S g

















EXTERNAL AUDITORY MEATUS 
VAGINA PROCESSUS HYOIDEUS 
STYLOMASTOID FORAMEN 
MASTOID PROCESS
/^ E X P A N D E D  LAMBDOID CREST







F ig u re  46: S te r e o  p a i r  o f  th e  i n t r a c r a n i a l  s u r f a c e
o f  th e  r i g h t  o t i c  r e g io n  and m edial s u r f a c e  c f  th e  
a u d i to r y  b u l la  o f  Smil odon f l o r i d a n u s . LACM HC7000.
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( MOST BROKEN OFF)
UB ARCUATE FOSSA






SULCI AND FORAMINA FOR INTERNAL 





F ig u r e  U7: A n te r io r  v iew  o f  a d iagram m atic  c r o s s
s e c t i o n  o f  th e  b as ic ran iu m  o f  F e l l s  c a t u s .  s l i c e d  a t  a 
s l i g h t  a n g le  so  t h a t  th e  s e c t i o n  of t h e  sp e c im en 's  l e f t  
s i d e  i s  more a n t e r i o r  than  t h a t  o f  th e  r i g h t  s i d e .  As a 
r e s u l t ,  a l a r g e  p o r t io n  o f  th e  f o s s a  m u sc u la r is  m ajo r  i s  
v i s i b l e  on th e  l e f t  s ide ,,  and o n ly  a sm all  p a r t  on th e  
r i g h t ,  w h ile  on th e  l a t t e r  s id e  th e  ep ity m pan ic  r e c e s s ,  
s l i g h t l y  p o s t e r i o r ,  i s  c l e a r l y  b i s e c t e d .  The v e r t i c a l  
h a tc h in g  d en o te s  a s e c t io n e d  s u r f a c e .












































SECTION OF TYMPANIC 
RING






F ig u re  48 : Diagrams c o n t r a s t i n g  th e  r e l a t i v e  amounts
of i n f l a t i o n  o f  t h e  e n to -  and ec to ty m p an ic  p o r t io n  of t h e  
b u l l a  in  F e l i s  and Hyaena.
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F ig u re  U9: Three c h a r a c t e r  s t a t e  t r e e s  f o r  t h e
v a r i o u s  s e p t a  recogn ized  w i th in  t h e  C a r n iv o r a .
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septum b u lla e :  
a d d ition a l layer from 
v en tra l edge o f caudal 
entotympanic
septum from d orsal and 




septum from d orsal and 
a n ter ior  edge o f  caudal 
entotympanic
B no septum
lo s s  o f entotympanic 
portion  o f septum b u lla e
septum b u lla e: bilam inar  




septum from dorsal 
and a n ter ior  edge 
o f caudal entotympanic
septum b u lla e :  
bilam inar septum
no septum
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Fig u re  50:  S t e r e o  p a i r  o f  th e  l e f t  a u d i to r y  re g io n
o f  C anis  l a t r a n s . flMNH AINS:668-B, v e n t r a l  v iew, shewing 
t h e  a n t e r i o r  en to tym pan ic  septum.
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POSTGLENOID FORAMEN . 
ECTOTYMPANIC
# =  EXTERNAL AUDITORY MEATUS 
CRISTA TYMPANICA 
^ H l^ A P E R T U R E  OF COCHLEAR FOSSULA









F ig u re  51: A d iagram m atic  summary c f  Matthew;s
(1909) h y p o th e s i s  of t h e  p r i m i t i v e  c a r o t i d  p a t t e r n  and th e  
morphotype used by su b seq u e n t  a u t h o r s .  The r e l a t i o n s h i p  
with  t h e  r o s t r a l  en to tym panic  i s  from Hunt (1974a) , 
a l th o u g h  t h e  p o s i t i o n  o f  t h e  a r t e r y  so  f a r  m ed ia l ly  was 
e a r l i e r  proposed by Matthew.








of  internal  
caro t id  a r t e ry
pos ter ior  





a r te ry
external  
jugular  vein
in fe r io r  ramus of 





Vpromontory r superior  ramus of s tapedial  a r t e ry
fenestra  cochleae
promontory branch of internal  
caro t id  a r te ry
-j^^internal  jugular  vein
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F ig u re  52: Four t r a n s v e r s e  s e c t i o n s  th rough  t h e  e a r
r e g io n  o f  v a r io u s  mammals, redrawn from P r e s l e y  (1979),  
showing th e  development o f  the  i n t e r n a l  c a r o t i d  a r t e r y .  
M id l ine  i s  a t  th e  l e f t  o f  each s e c t i o n ;  s t i p p l e d  a r e a  i s  
d ev e lo p in g  bone; dark  s t i p p l e  i s  e c to tym pan ic ;  
d o ub le -w a l led  white  v e s s e l  below promontorim i s  d o r s a l  
a o r t a  o r  i n t e r n a l  c a r o t i d  a r t e r y ;  s o l i d  b la c k  d e n o te s  
n e r v e s .
A: E a r ly  embryo, g e n e r a l l y  t y p i c a l  o f  a l l  mammals.
R a t tu s  n o r v e g i c u s , 12 mm CRL.
Es L a t e r  s t a g e  o f  mammal with  medial  branch of  i n t e r n a l  
c a r o t i d  a r t e r y ;  f u t u r e  e x t e n t  o f  ec to tym pan ic  b u l l a  
i n d i c a t e d  by dashed l i n e .  R a t tu s  n o rv eq ic u s  newborn. 
C: L a te r  s t a g e  o f  mammal with  promontory branch  of
i n t e r n a l  c a r o t i d  a r t e r y ;  dashed l i n e  i n d i c a t e s  f u t u r e  
e x t e n t  of  b a s i sp h e n o id  wing.  E r in a ce u s  e u ro p a eu s . 13 
mm HL •
D: L a t e r  s t a g e  of c a r n i v o r a n ,  with  m edia l  branch o f
i n t e r n a l  c a r o t i d  l a t e r a l  t o  deve lop ing  en to ty m p an ic .  
Muste la  d o m e s t i c a . newborn.
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F ig u re  53:  C ross  s e c t i o n s  a t  two l e v e l s  th ro u gh  t h e
l e f t  b a s ic ra n iu m  o f  V iv e r ra  s p . ,  AMNH Cfi 1709. A) 
P o s t e r i o r  a s p e c t  o f  t h e  s e c t i o n e d  b a s ic ra n iu m  a t  t h e  l e v e l  
o f  t h e  p o s t e r i o r  c a r o t i d  foramen.  B) P o s t e r i o r  a s p e c t  o f  
t h e  sane  bas ic ran ium  s e c t io n e d  more a n t e r i o r l y ,  a t  the  
l e v e l  of  t h e  a n t e r i o r  end of  t h e  en to ty m p an ic .  The b u l l a ,  
b o th  e c t o -  and e n to ty m p a n ic ,  i s  shaded in  bo th  drawings;  
t h e  . v e r t i c a l  h a tc h in g  den o te s  a s e c t i o n e d  s u r f a c e .





















APERTURE OF THE 
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SCALE1







































SULCUS FOR INFERIOR PETROSAL 






CRISTA TYMPANICA AND 
TYMPANIC SULCUS
CROSS SECTION OF 
TYMFANIC RING CAROTIDCANAL






F ig u r e  5U: Three a u d i t o r y  r e g i o n s ,  i l l u s t r a t i n g  th e
r e l a t i v e  h o r i z o n t a l  p o s i t i o n s  o f  th e  c a r o t i d  a r t e r y  and 
t h e  i n f e r i o r  p e t r o s a l  s i n u s .  I n  each case  t h e  i n t e r n a l  
c a r o t i d  a r t e r y  i s  b l a c k ,  s o l i d  e x t r a c r a n i a l l y  and dashed 
i n t r a c r a n i a l l y . The v e in s  a r e  sh aded ,  d a rk e r  
e x t r a c r a n i a l l y .  The l a t e r a l  f o r k  o f  t h e  *Y* i s  t h e  
s igmoid  s i n u s ,  and t h e  m e d ia l ,  t h e  i n f e r i o r  p e t r o s a l  
s i n u s .  A) P seu d a e lu ru s  i s  r e c o n s t r u c t e d  as  a t y p i c a l  
medium- t o  l a r g e - s i z e d  f e l i d .  B) Canis  l a t r a n s  
e x e m p l i f i e s  t h e  c a n i d ,  and even g e n e r a l  can i fo rm ,  
c o n d i t i o n .  C) D i n i c t i s  i s  r e c o n s t r u c t e d  he re  on t h e  
i n t e r p r e t a t i o n  o f  t h e  p o s t e r i o r  foramen in  t h e  b u l l a  be ing  
f o r  an i n t e r n a l  c a r o t i d  a r t e r y  r a t h e r  th an  f c r  a s t a p e d i a l  
a r t e r y .  Note t h a t  u n d e r  my i n t e r p r e t a t i o n ,  t h e  p o s i t i o n  
o f  t h e  i n f e r i o r  p e t r o s a l  s i n u s  i s  t h e  same in  a l l  t h r e e .
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F ig u r e  55: S t e r e o  p a i r  showing th e  i n t r a c r a n i a l
a s p e c t  o f  t h e  r i g h t  o t i c  r e g io n  o f  Taxidea  ame r j c a n a . AMDM 
15580,  medial  and s l i g h t l y  a n t e r i o r  v iew .
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A / M  OCCIPITAL CANAL








F ig u r e  56: Comparison o f  A) Van Kampen*s (1905)
c r o s s  s e c t i o n  o f  Ursus with  B) a diagram o f  the  s t r u c t u r e  
o f  t h e  b a s i o c c i p i t a l  and p e t r o s a l  seen  in  Ursus am ericanus  
AMNH CA 35005.
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F ig u r e  57:  ft r e c o n s t r u c t i o n  of  t h e  v e in s  on
t h e i n t r a c r a n i a l  s id e  of  t h e  a u d i t o r y  r e g io n  in 
Hoplophoneus  s p .








































NEFF: P age 6U2
F ig u r e  5 8 :  The p h y lo g en y  o f  th e  C arn ivora  p r e se n te d
i n  F ig u re  7 w i th  th e  d i s t r i b u t i o n s  shown f o r  t h o s e  
c h a r a c t e r s  t h a t  my a n a l y s i s  concluded were in f o r m a t iv e ;  
t h e  Nimravidae a r e  p la c e d  on t h i s  phylogeny to  minimize 
t h e  number o f  convergences  or r e v e r s a l s  n e ce ssa ry  t o
a v  n l  o  i  r> /««r /  o  v/* 1 n r '  t»o / s f  f  a !  ■? c '  _
C A ^ l a X I I  t t l C x x  u i v i y u v A  * c> v j . u u ^. i / v  v i . v x C a a  <a i  •
The c o n d i t i o n  o f  t h e s e  f e a t u r e s  i n  B a r b o u r o f e l i s  i s  
summarized as  a f u n c t i o n  o f  t h e  d e r iv e d  s t a t e  f o r  each 
f e a t u r e :  ”BM nex t  t o  a d e r iv e d  s t a t e ,  whether  i t  o c cu rs
in  Nimravidae o r  n o t ,  i n d i c a t e s  t h a t  B a r b o u r c f e l i s  a l s o  
d i s p l a y s  t h a t  de r ived  c o n d i t i o n .  A n e x t  to  a d e r ived  
c o n d i t i o n  s i g n i f i e s  t h a t  Barb o u r o f e l i s  l a c k s  a d e r iv e d  
s t a t e  found i n  t h e  o t h e r  n im ra v id s  and sometimes o t h e r  
c a r n i v o r a n s .  F i n a l l y ,  a u (E)M f l a g s  t h o s e  c h a r a c t e r s  
whose c o n d i t i o n  in  n im ra v id s  and a l s o  B a r b o u r o f e l i s  i s  
p r i m i t i v e  r e l a t i v e  t o  t h a t  in  some o t h e r  t axon  or  -taxa 
w i t h i n  t h e  C a r n iv o r a ,  and t h e r e f o r e  do n o t  p ro v id e  
ev id e n ce  f o r  any s p e c i f i c  r e l a t i o n s h i p  between 
B a r b o u r o f e l i s  and a n y th in g  e l s e  w i th in  th e  o r d e r .
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S
2 6 M ( b )
■ = derived state present 
B= both states occur 
3=  intermediate state occurs 
• = alternative derived state 
□= primitive state present
?= condition not clear in miacids 
viverravids or Barbourufelis
B = derived in jj.
-= .&  primitive for this nimravid 
opomorphy. 
pm= condition not known in 
miacids and viverravids
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